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ABSTRACT
The purpose of this study was to establish more

precisely what factors determine energy.use in schools, to 'evaluate
the efficiency of and necessity for these, and to sake
recommendations for the reduction of energy use. These
recommendations will be applied to the design of specific projects
that will be built, monitored, and evaluated. this report covers the
pro-design research phase. Data sources for the study include New
York City schools, five suburban school systems in the New York City
region, and 31 electrically heated schools in the northeastern U.S.
The report concludes that with recommended new standards in lighting,
ventilation, and building design and with utilization of solar energy
schools can be designed to operate with no educational penalty at a
savings of from 25 to 50 percent of the.monitored New York City
level. (Author/MtP)
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ABSTRACT Substantial energy savings can be achieved in schools,
These findings, substantiated in this report, are based on
a re-examination of the educational determinants that have
influenced energy consumption in the past, and on a re-
view of the technical performance of the building compon-
ents. Since educational buildings represent 7 percent of
the building area in total U.S. construction, these savings
are considerable.

New York City has a comparatively well run system with an
average use per thousand square feet of 7.32 x 107 btu's
for heating and 5.27 x 107 btu's for source generation of
electricity. This is only two-thirds to one-half of the
fuel and electricity used in other schools whose energy
records were gathered for this and other studies. Never-
theless, they also represent a spread with a standard de-
viation of thirty and thirty-five percent of the mean.
Based on a study and analysis of these schools, the follow-
ing general observations have been made:

11 Delivered light in classrooms deviates substantially
above and below the designed 60 footcandles with no
awareness by the occupants.

11 There is no correlation between higher light levels
and educational achievement, according to Board of Ed-
ucation Standard tests. Changes in the school environ-
ment (lighting, painting, cabinets, etc.) are followed,
by short-term gains in educational achievement.

11 There is no dangerous change in quality of air with
ventilation less than one-third the present prescribed
level.- Tests carried out under these conditions
showed a generous safety factor.

11 Light delivery can be more selectively controlled in
several practical ways.

11 Sealed, minimum window school buildings consume Con-
siderably more energy (up to three times the average)
than buildings having open window air supply possibi-
lity.

11 Ventilation replacement is responsible for about two-
thirds of the heating load in New York City schools.

11 Solar energy can contribute to heating requirements
as well as providing for domestic hot water.

In all, with recommended new standards, schools can be de-
signed to operate with no educational penalty at savings
of twenty-five to fifty percent below the already care-
fully monitored New York City level.
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preface

Recent events have demonstrated the importance of energy as
a determining factor for major decisions in almost all seg-
ments of our society. Its unlimited availability can no
longer be taken for granted regardless of the economic re-
sources which we are prepared to commit. We can expect to
operate within the framework of limited energy for the fore-
seeable future and whether the distribution mechanism .is
economic competition or some form of regulation, efficient
use of this limited resource will increase the number of op-
tions which are available to us as a society. In addition,
as the easily accessible fuel resources are exhausted, the
search for and extraction of energy materials will have an
ever-increasing effect on the natural environment.

According to the 1972 Dodge Reports, educational facilities
accounted for about 14 percent of all non-residential build-
ing carried out in the United States. Two percent of this
was in the New York City public school system alone. Added
to the quantitative importance of school building is the
social importance of these facilities and the need to insure
that they will be able to continue operations in the face of
possible future energy restrictions.

All of the above considerations have led to the selection of
a projected school building in New York City as a proto-
typical study project to permit research, design and evalua-
tion of energy saving approaches and techniques. This re-
port covers the pre-design research phase. The overall ap-
proachproach has general applicability to other building types and
other localities and the specific recommendationi are also
helpful if viewed with the understanding of the unique con-
ditions which generated them, that is, those factors which
are particular to New York City schools.

1. School locations are generally urban, implying small
sites which in turn require multi-story buildings in
order to achieve required floor areas.



2. The fact that the buildings are generally in densely
buil' :.:eas makes the man-made micro-climate particu-
larly important.

3. The New York City school system is large, containing
almost a thousand buildings. This results in vast
accumulated experience and the ability to experiment
with school facilities.

4. The performance of operating personnel is in part
evaluated in terms of energy efficiency in buildings
operation. Since this evaluation is related to job
mobility within the systems, it acts as an incentive
device for the efficient operation of the school
plant, a result verified by carefully kept perform-
ance records.

5. When buildings are not in use, (nights, weekends and
holidays) the systems are shut down. This has led to
the almost universal use of steam as the heating med-
ium because of its ability to provide rapid morning
heat-up and because of the fact that the pipes are
dry when the system is off which eliminates the
possibility of accidental nighttime or weekend freeze-
ups.

Two aspects of the report itself must also be kept in mind.
First, for convenience and clarity, the aspects of energy
use have been compartmentalized; however, it must be stress-
ed that no element operates in isolation and that it is the
overall performance of a building, or in some cases, group
of buildings, that must be evaluated. Second, throughout
the report, terms have been used which, to specialists, have
very specific and somewhat limiting connotations. In most
cases, the more general meaning is intended. For example,
the work classroom refers to any area ill which activities
normally associated with the learning program take place and
is largely interchangeable with the term 'learning space'.
In addition, when a prototype classroom is used to show a
specific example of a system, it stands for all such general-
ized spaces.

One final aspect of the specif%cs relating to this study is
that both educational approaches and energy technologies are
rapidly changing. In many cases where changes can be antici-
pated, these areas have been noted. It is, however, in the
nature of change that much that is not anticipated will
occur. To this end, care must be taken not to lock an ap-
proach too tightly to any single educational philosophy or
environmental system and to avoid the interdependence of
sy,tems which may have very different functional life spans.

With these considerations in mind, it is hoped that this re-
port will serve as a useful tool to others who undertake
energy conservation provisions in building programs and it
is to this end that the report is directed.

9



basis for
the study

The purpose of the study was to establish more precisely
that factors determine energy use in schools, to evalu-
ate the efficiency of and necessity for these, and to
make recommendations for the reduction of energy use..
These recommendations will be applied in the next stage to
the design of specific projects which will then be built,
monitored and evaluated.

The New York City Board of Education manages almost a
thousand of its own buildings and in addition, some
rented spaces. Their operating statistics have been the
basis for some general observations, detailed investiga-
tions of specific schools for others.

The Division of School. Buildings operates a Fuel Mana-
gement Section which monitors fuel and electricity usage
on a monthly basis. This information, based on actual
meter readings, serves as the basis for monthly consump-
tion figures for New York City schools. The Fuel Mana-
gement Section also prepares a yearly summary which is
used for the annual figures. In addition to these'
recorded data, this body of buildings provided the source
for the data regarding on-site conditions.

In order to provide some basis for comparison, several
sources outside the New York City school district were
used. These include general data received by the New
York City Board of Education from four suburban school
systems in the New York City region, specific monthly
data taken for five suburban schools for a three year
period and data for thirty-one electrically heated
schools in the northeastern United States in a degree-day
zone similar to New York's.

Where subjective data and evaluation were required, the
report leaned heavily on the cumulative experience in
school planning, design and operation contained in the

10



METHODOLOGY

a /2

Division of School Building and Office of Educational
Facilities Planning of the Board of Education.

In conducting the research for this report, the'investi-
gators were fortunate to have the cooperation and collab-
oration of the New York City Board of Education,which has
at its disposal detailed and long term records of about
1,000 schools. It has been possible to eschew computed
simulations and to depend instead on the large fund of
information contained in the school records to provide
the investigators with the necessary background informai.
tion for the report The classrooms themselves were used
to determine classroom performance rather than seeking
to approximate conditions in isolated laboratory tests.
Consequently, the propositions and findings set forth in
this report are based primarily on actual data from
functioning schools.

The Division of School Buildings, through its Fuel Mana-
gement Section made available the records of 499 oil-
fired schools and 454 coal-heated schools. The Board
of Education has also provided detailed information con-
cerning types of construction, boiler plant, ventilating
systems and special ventilating requirements, lighting,
fan,* pump and refrigeration requirements in order to
weigh the effectiveness of various building types and

mechanical systems. Detailed study was based on the
use of plans and specifications and inspection trips to
the schools involved.

The records of The Board of Education Office of Educa-
tional Facilities Planning also furnished the basic data
for studying what interrelationship existed betWeen light
levels and reading/comprehension scores of 30,000 pupils.

A number of field studies were.conducted, such as the
visit of a team of investigators to observe the light
levels in 20 classrooms under normal conditions (sub-
report g-1) and to observe ventilation performance under
normal and abnormal conditions (sub-report g-2).

Under the direction of two educational experts from the
Board of Education,actual school situations were observed
and analyzed in order to assemble a complete list of
educational tasks which could be used to determine the
lighting, ventilation and temperature needs of each
educational task (sub-report i).

In sum, it has been the main aim of the investigators to
understand the real needs of the educational program and
the true performance of the educational plant in order to
know where energy saving recommendations could be made at
no loss or a possible gain in the educational environment.
These were based on actual conditions and actual require-
ments.



summary
of findings

1 ANALYSIS OF The following energy categories for annual energy usage,
RECORDED AND OB- based on The Board of Education's recording methods, were
SERVED DATA

. evaluated:

Fuel Oil

Coal

Electricity

b/1

1. Fuel oil use
2. Electricity use in oil-heated buildings
3. Coal use
4. Electricity use in coal-heated buildings

Due to the recording methods, the number of buildings in
each heating category do not exactly equal the number in
the corresponding electricity category. However, each
section has sufficient numbers to be independently valid.
For heating fuel, 499 oil-fired schools and 454 coal-fired
schools were evaluated representing 56,678 msf* and 35,263
msf respectively. The electric usage in 461 oil-heated
schools and 461 coal-heated schools was evaluated. These
samples included 54,214 msf and 35,590 msf respectively.

The total annual fuel oil usage for the sample year was
29,641,068 gallons which averages 523/ga1/4sf/yr. At
140,000 btu/gal, this represents 7.32 x 101 btu/msf/yr.

The total annual coal usage was 114,632 tons, averaging
3.25 tons/msf/yr. At 14,600 btu/lb (or 2.92 x 107 btu/
ton) this represents 9.49 x 107 btu/msf/yr.

The total annual electricity usage in the oil-heated
schools was 209,324,174 kwh averaging 3861 loth/msf/yr.
This represents 1.32 x 107 btu/msf/yr at the point of use
(3412 btu/kwh) and 5.27 x 107 btu/msf/yr at the generator
(based on Con Edison's reported heat rate of 12,400 btu/
kwh and 10 percent transmission and distribution loss).

*msf (thousand square feet of gross building floor area)
are used throughout the report as a unit of measure.



The total annual electricity usage in the coal-heated

schools was 110,703,217 kwh averaging 3110 kwh/msf/yr. This

represents 1.06 x 10T btu/msf/yr at the point of use and

4.24 x 107 btu/msf/yr at the generator.

The oil-heated schools used an average:

7.32 x 107 btu/msf/yr fuel oil
1.32 x 107 btu/msf/yr electricity
8.64 x 107 btu/msf/yr total at building

or

7.32 x 107, btu/msf/yr fuel oil

5.27 x107 btu/msf/yr generation
12.59 x loTbtu/msf/yr total source fuel

The coal-heated schools used an average of:

9.49 x 107 btu/msf/yr coal
1.06 x 107 btu/msf/yr electricity

10.55 x 10 btu/msf/yr total at building

or

9.49 x 107.btu/msf/yr coal
4.24 x 107 btu/msf/yr generation

13.73 x 10 btu/msf/yr total source fuel.

It is worth comparing these figures with data from several
other sources.

1. Four suburban school districts within a 30 mile
radius of New York City reported that schools ranging in
size from 50-200 msf showed an annual oil usage averaging
755 gal/msf/yr compared to 523 gal/msftyr for New York
City schools.

2. Five schools (26 msf, 59 msf, 86 msf, 192 msf, and
350 msf -- a total sample of 713 msf) in a suburban school
district about 20 miles from New York City (average 4800
degree days/yr for the three-year period observed), showed
an average use of 828 gal /msf /yr and 5111 kwh/msf/yr as
compared with 523 gsl/msf/yr and 3861 kwh/msf/yr in com-
parable New York City schools.

3. Thirty-one all-electric schools in a zone in the
Northeast United States (4501-6000 annual heating degree
days) offer the following data, though direct comparison
is somewhat difficult for the following reasons:
a) Records for electric schools show only energy consump-

tion at point of use.
b) Some of the schools in the sample are air-conditioned.
c) Electric schools are generally built to NEMA standards

(10 of the 31 are double-glazed for example).
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b/3 The average annual electricity usage for the sample was
Summary of 15,700 kwh/msf/yr. In order to make some comparison, the
Findings following assumptions were made:

a) Air-conditioning represents about 10 percent of the an-
nual electric usage.

b) The electricity used for non-space conditioning functions
will be similar for the electrically heated schools and
New York City schools.

Conclusions

This results in a total annual use of 14,130 kwh/msf/yr
without air-conditioning of which 3861 kwhinsf/yr is
assumed to be for non-heating functions; 10,269 for heat-
ing. This represents 3.50 x 107 btu/msf/yr actually de-
livered to the space. With Con Edison's heat rate, this
would require 14.01 x 107 source btu which, if provided
by #6 oil, would be the equivalent of 1001 gal/msf/yr.

4. A report prepared by the Minnesota Energy Project
dated 15 February 1974 cited a heating fuel consumption of
15.8 x 106 btu/yr/student and an electric consumption of
613 kwh/yr/student. This compares with 7.5 x 106 btu/yr/
student and 289 kwh/yr/student in the New York City school
system.

It is apparent that the New York City Board of Education
builds and operates schools which represent the most, energy
efficient approaches in current design and maintenance
techniques. This is due in large part to the vast expels=
ience accumulated as a result of the size of the total city
educational plant. In order to ensure that non-typical
conditions either positive or negative are observed and re
sponded to, the Division of School Buildings established a.

Fuel Management Section. which monitors all monthly energy
usage of 411 schools. When a building uses abnormally high
amounts of energy, the causes are identified and corrected
if possible, and avoided in future buildings. If fuel us-
age is low, the energy-saving factors are introduced into
existing or new schools. In addition to this central mon-
itoring, the Bureau of Plant Operation provides a substan-
tial training program for its custodial staff. This com-
bination of experience and concern has resulted in prac-
tices which have served as the standards for other ,public
agencies, some of which actually utilize the Board of
Education's training program. One aspect of the second
phase of this study will be to consolidate this information
with additional material derived from this report. Such
guidelines will have general utility in school districts
where size or organization has not permitted the degree of
energy efficiency of the New York City Board of Education.

Where changes are recommended, they generally result from
a reasessment of the conditions in which educational tasks
can occur and the tailoring of systems to respond to these
revised standards, from the availability of new tedhnolo-



gies growing out of the recent nation-wide concern for
energy conservation, from the re-evaluation of certain
systems which were developed and promoted at a time when.
national priorities were considerably different from
today's, and from the realization that increases in energy
costs make many options economically feasible where they
were impractical only months before. In short, recommen-
dations made regarding New York City Board of Education
buildings will apply to vitually all similar buildings,
and energy savings that are achieved are done so within a
system which is already operating at the most effiCient
end of the energy use range.

Within this context the following areas were noted as be-
ing susceptible to modification for energy savings:

1. The consumption of energy varied substantially from
school to school. Fuel oil use showed a mean of 519 gal/msf/
yr and a standard deviation* of 154 gal/msf/yr. Electricity
showed a mean of 3637 kwh/msf/yr and a standard deviation of
1403 kwh/msf/yr. (Note: mean figures are inunweighted aver-
ages). A substantial portion of this variation is due to
differences in scheduling. Some portions, however, were
clearly attributable to type of construction, mechanical sys-
tems, patterns of operation, etc. Those factors causing high
usage can be isolated and avoided, those which conserve energy
should, where possible, be incorporated in future construction:

2. Delivered environmental conditions within teaching
spaces vary from building to building and within individual
buildings. Little or no obvious correlation was noted be-
tween the effectiveness of the teaching and the environ-
mental conditions with the possible exception of lethargy
observed in several classrooms whose temperature was
greater than 78° F.

3. Delivered environmental conditions were frequently
unrelated to the specific activities which were taking
place within the space. To a large degree, this is due
to the lack of flexibility of the systems. The mechanical
systems are designed to meet the most critical criteria
which are rarely applicable. Because of the inflexibility,
full output is delivered whenever any mechanical assist-
ance, however small, is required.

4. Mechanically supplied services frequently overlap
natural CM6S. This results from at least three causes.
First, buildings in themselves are often not designed to
take advantage of natural environmental conditionk when
available and adequate. Second, when natural delivery of
desired interior conditions takes place, it is often im-
possible to deactivate the, mechanical system providing the

* standard deviation =
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Summary Of
Findings

Potential

Savings

same service. Third, when manual controls are provided for
the deactivation of mechanical systems, they are often ig-
nored even when it is totally unnecessary to keep the ser-
vice in operation.

5. Mechanically supplied services were frequently pro-
vided in unoccupied areas. In some cases this was due to
the inability of the systems to be locally deactivated. In

others, it was caused by the unwillingness of the staff to
take advantage of the available controls.

6. Services were often delivered at a level much higher
than desired. This appeared to be due to failures in the
control systems resulting from either normal malfunction,
vandalism, improper calibration or inadequate maintenance.

7. In general, the more complicated sophisticated sys-
tems functioned far less effectively than the simpler,
more common ones. Buildings that relied entirely on mech-
anical delivery systems for their interior conditions ap-
peared to have the greatest number of problems with con-
trol systems, to have the widest temperature variations
and to consume the most fuel.

Current energy usage in school buildings is as follows:

Total Fuel Oil Use
7.32 x 101 btu/msf/yr

which breaks down approximately into

(A) Domestic Hot Water .72 x

(B) Heating due to introduction
of outside air 4.40 x

(C) Heating due to conducted loss
2.20 x

107 btu/msf/yr

107 btu/msf/yr

107 btu/msf/yr

Total Source Energy_for Electrical Generation
57197770TITI7msf/yr

which breaks down approximately into

(D) Lighting
(E) Fans

(F) Other

3.16 btu/msf/yr
1.32 btu/msf/yr
0.79 btu/msf/yr

These quantities are represented by figure b/2.

It is anticipated that the following savings can be achiev-
ed through the recommendations included in this report
(figure 1)/1).

16
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b/7
Summary of
Findings

Present Energy
Use Pattern

Projected Savings
(New Building)

49.4% total
Note: Shaded areas
represent anticipa-
ted savings.

Projected Savings
(Retrofit)

27.7% total

FIGURE b/2:
CURRENT ENERGY
USE IN SCHOOL
BUILDINGS AND
ANTIC/FATED
SAVINGS
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RECOMMENDATIONS
FOR SYSTEMS
AND STANDARDS

Building
Configuration

Building Skin

The following recommendations for systems and standards

have been extracted from prototypical proposals (section d)
and school usage patterns (sub-reports g, h and i).

1. Evaluate program to determine areas that can take
greatest advantage of natural light and ventilation.

2. Arrange building so that those spaces which can bene-
fit from natural light and natural ventilation are located
at the perimeter of the structure. In this way unavoidable,

unwanted heat loss and gain will be offset by natural means
of satisfying light and air requirements.

3. Arrange building so that spaces which can least bene-

fit from natural light and ventilation are located in the
interior portions of the building.

4. Orientation will be governed by site restrictions.
If options are Available, orientation will be determined
by solar consideration, according to criteria which will
maximize solar heat gain in the peak heating season (par-
ticularly in the early morning to reduce start-up loads)
and minimize heat gain in temperate and hot seasons. The

wind patterns in most urban sites are erratic precluding
orientation based on prevailing air currents; however, in
cases where buildings are in highly exposed sites, this

must be considered.

1. Desirable characteristics of the building envelope

are a high resistance to unwanted thermal transfer and an

ability to utilize natural light, ventilation and solar
heat when available and desired.

2. Provide an average roof U-factor of 0.06.

3. Provide an average wall U-faetor of 0.15. 0.15 is

the average of all wall, window and door surfaces based on
the use of thermal shutters as follows:
Opaque Wall 64% x U @ 0.06 = 0.0384

Windows (thermal shutters closed) 35% x U @ 0.30 = 0.1050

Doors 1% x U @ 0.60 = 0.0060
TOTAL 0.149-4

SAY: 0.15

Opaque Wall 64% x U @ 0.06 = 0.0384

Windows (thermal shutters open) 35% x U @ 1.13 = 0.3955

Doors 1% x U @ 0.60 = 0i0060
TOTAL 0.11399

SAY: 0.44

Note: These factors are for walls with thermal shutters

a1222:. Overall wall thermal performance to result in average
b/8 U-factor of 0.32 without requiring shutters.



b/9 4. Provide windows to permit natural lighting to be uti-

Summary of lized for ambient lighting throughout ten-foot deep per-
Findings imeter zone.

Thermal Mass

Solar Energy

5. Provide insulated shutters at windows to prevent ex-
cessive heat loss when the light transmitting properties of
the glass are not required.

6. Provide solar shading to prevent excessive heat gain
when it is not desired.

7. Provide an average U-factor of 0.14 for slabs between
heated and unheated spaces.

8. Provide slat, on grade with vertical edge insulation
with total average U-factor of 0.12.

1. The selection of structural, closure and partitioning
systems will have an effect on thermal mass which is inde-
pendent of thermal transmission characteristics:,.

2. High thermal mass building will perform with less
fuel use when outside temperatures swing above and below
acceptable inside temperatures (summer). Low thermal mass

building will perform better when outside temperatuies re-
main consistently above or.below acceptable inside tetpera-

tures (winter). In selecting one or the other, trade-offs

between the seasonal differences must be weighed.

3. The choice of high or low thermal mass construction
will have to be evaluated at the time of actual building
design, using a computer simulation reflecting actual
schedulirg, program, site, etc.

1. Provide a flat plate water solar collector supplying
a heat exchanger to preheat domestic hot water. Careful
metering of this system win provide data to permit mere
accurate evaluation of solar energy systems in the New

York City area.

2. Provide passive thermo-siphoning wall panels (may be
installed selectively for comparison and evaluation) for
heating as described in 'Building Skin' (section d-3).

Lighting Classrooms

1. Provide approximately 40 percent of the classrooms
with increased switch circuiting to permit both localiza-
tion of light delivery and modulation of level by "checker-
board" light patterns.

2. Provide approximately 40 percent of the classrooms
with multi-level fixtures to permit reducing light levels
throughout entire classroom to those actually required for

activities taking place.

20



Summary of
Finding,

Future

3. Provide each of the remaining classrooms with either

a conventional track-light system, a system of .7ixed lights
with adjustable switching patterns or a ' 3ystem where both

fixtures and switching are adjustable, the last two being
accomplished either by multi-wire low voltage or multi-
plexed control systems. In addition, provide some of
these rooms with automated switching on an experimental
basis. This might include photo-sensitive controls for
perimeter zones and timed shutdown of lights based on end
of period signals.

4. Provide selected rooms with a series of work stations
with integral lighting to permit a low general light level
to be maintained while still satisfying requirements for
those students performing demanding visual tasks.

Special Purpose Rooms (Gymnasium, Cafeteria, Auditorium,
etc.)

1. Re-evaluate the scheduling and use patterns expected
in each area of the specific building in question and pro-
vide appropriate light delivery system with particular em-
phasis on ability to deactivate areas or reduce levels when
services are not needed. For example, in keeping with
current use practices, provide two light environments in an
auditorium -- one for assembly, one for study hall use. In
a cafeteria provide lighting conditions suitable for dining,
maintenance and study hall use. Controls should permit se-
lective lighting of individual areas within cafeteria for
times when groups are using small portions of the space.

2. Provide automated shut-down of light systems when it
is anticipated that occupants will not utilize systems and
when scheduling can be easily predicted.

Offices

1. Provide ambient light levels of 15-20 footcandles and
specific illumination at work stations. Note: the ambient
light may be provided by the same fixtures which provide
the task light permitting great flexibility in the space
use.

Corridors

1. Provide light levels of 5-10 footcandles in corridors.

2. Use light-reflective wall surfaces.

3. Where alcoves or short corridors occur, provide sup-
plementary illumination to prevent shadowed pockets.

Note: Provide service capacity for possible future augmen-
Modifications tation of lighting systemS to current standards.

21_



Heating Standards

b /li

1. Outside design temperature 5° F

2. Classroom design temperature 68° F (set at 650 F)

3. Administrative area design temperature 680 F

4. Gymnasium design temperature ,650 F and 70° F based on

type of activities taking place

5. Storage area design temperature 500 F

6. Other spaces as called for in latest School Design
Planning Manual

7. Exposure factors to be determined after site selection

Distribution System (predicated on heating only with no pro-
vision for additional air-conditioning)

1. Utilize low pressure steam with vacuum return.

2. Sectionalize building and system to permit selective
heating of spaces including small groups of classrooms,
auditorium, and gymnasium during after-school hours.

3. Use dual level thermostats (similar to day /night
thermostat using automatic reset with override feature)
to allow two levels of settings and system off.

4. Locate controls centrally to facilitate the selective
use of the system.

Boiler

1. Except as noted below, #6 oil is recommended. Pro-

vide a minimum of three boilers, two of which will be sized
at 40 percent design load, the third at 20 percent.

2. If design heating load is.less than 5,000,000 btuh,
individually-fired multiple cast iron heat exchangers
(modular boilers) in units of 10-20 percent of design load.
utilizing #2 and #4 oil should be considered.

Oil Burning Equipment

1. Forced draft rotary cup type burners are recommended
for all grades of fuel oil except as noted below.

2. If #2 and #4 oil is to be used with modular boilers,
consider air atomization medium pressure type burners.

9"?0.. A..8



b/12 Note: Conventional practice with rotary cup burners is to
Summary of use variable dampers to modulate combustion air intake at
Findings partial operating levels. At lower levels this system is

difficult to control accurately. Investigate whether a
burner with a finite number of settings (e.g. four) with
corresponding adjustable combustion air ports would per-
form better at lower fuel rates. The installation would
require tuning after installation to set the fixed open-
ings.

Cooling

3. It is recommended that as part of Phase II, National
Bureau of Standards evaluate a device such as the Cottell
system which introduces water into the fuel-oil by ultra-
sonic or other means.

Terminals

1. Typical classrooms: Provide perimeter radiation with
individual room control. In selected classrooms, locate
temperature sensors in exhaust air ducts and place controls
in secure location (possibly behind grille). This will tend
to prevent tampering and false readings resulting from local
conditions.

2. Kindergarten and pre-kindergarten classrooms (where
programmed): Consider air floor radiant slab with hot air
discharge at perimeter wall to counter cold-wall effects.

3. Gymnasium, Auditorium: Provide heated air system
with 100 percent recirculation capability for warm-up and use
with limited occupancy. Where more than 25 percent of the
air is exhausted, analyze heat recovery devices. These may
be heat exchanger wheels, air to water to air loops or air
to air counter-flow exchangers.

Note: The term cooling refers to any process which is used
to lower the temperature in a space and includes mechanical
refrigeration for space conditioning.

Outside air

Rooms without provision for chilled air or water will
rely primarily on the introduction of outside air to pre-
vent interior temperatures from rising due to local heat
sources such as lights or occupants. This air introduction
is to be considered separately from that required for basic
metabolic functions which will be discussed under Ventilation.
The outside air for cooling can be supplied either mechani-
cally or by air pressure differentials or convection.
Wherever possible, utilize non-mechanical means (open windows)
to ensure adequate cooling air. Where mechanical means are
required, the system is to be isolated from the base venti-
lating system either physically or by its control system.
This is to ensure that regardless of air quantities intro=
duced for temperature control, sufficient outside air will
be supplied for metabolic needs.



W13 Evaporative cooling.

Summary of
Findings Provide additional comfort at elevated temperatures by

ensuring air movement which results in surface evaporation
at the skin. This can be accomplished using oscillating
fans, ceiling fans, low speed wall fans, or it can be ac-
complished by the eXhaust system. (Air movement does note
require air removal:)

Mechanical Refrigeration

Provide chilled air to portions of the building.

1. Design Standards*
Outdoor - 88° F D.B. 75° F WB
Indoor - 780 F D.B. 60% RH

2. Chillers are to be selected based on energy sources
available and demand for heat removal.

3. Primary distribution is to be chilled water.

4. It is recommended that smaller rooms (offices, class-
rooms, etc.) be heated and cooled with fan coil units of
adequate size and number, individually controlled. In this
way, the cooling function can be maintained separate from
the metabolic outside air requirements.

5. ,Larger rooms (auditorium, gymnasium, etc.) utilize
chilled air from the local air handling unit.

6. With reduced exhaust requirement, no heat recovery is
anticipated related to localized chilled water systems.
Large, chilled air systems may utilize the same heat recovery
systems used for heating.

7. If centralized air distribution is to be used, use
variable air volume systems. Avoid terminal reheat systems.

Ventilating 1. Ventilating will refer to that outside air required
for healthy maintenance of metabolic functions.

2. The basic ventilation rates for areas other than
those listed below will be 5 cubic feet per minute (eft)
per occupant, when space is occupied. This is based on:

a. Study performed by the National Bureau of Stand-
ards in conjunction with this report.

b. Dr. Ralph Nevins' report included as an appendix
to this report.

c. Latest ASHRAE recommendation.

*based on ASHRAE Handbook of Fundamentals, 1972
Ch. 33 Table 1, 5 %. data; NYC Central Park
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Summary of
Findings

Domestic Hot Water

3. The following spaces should be provided with a ventila-
tion rate greater than 5 cfm /occupant

a. Gymnasium - 15 cfm /participant

5 cfm/spectator

b. Cafeteria - 15 cfm/occupant
Note: Where cafeteria is to be
structional space, a two-level
be provided which can supply 5
pant depending on usage.

used as an in-
system is to
or 15 cfm/occu-

c. Special use areas such as labs, shops, kitchen
which have equipment which exhaust air directly
shall have appropriate make-up outside air.

4. Controls - Ventilating systems will be zoned to be
coterminous with heating system zones so that after-school
uses can be carried out with the least introduction of out-
side air by operating the fewest number of zones required.
This will affect both fuel-oil and electricity usage. In
addition, it is recommended that several of the classrooms
with automated lighting be fitted with automated dampers
integrated into the control system which would close at the
end of each period and open only if the room was in use as
indicated by the activation of any device in the room. In
tl Ls way, any time a classroom remained empty for a period,
the heating load would be reduced by the amount normally re-
quired to heat that incoming air. The fan serving those
damper-controlled areas will be variable speed controlled
by SCR devices such as Triacs (section d-11) responsive to
the damper position.

1. Provide a separate hot water heater with a burner
sized to meet the anticipated demand at times when there is
no demand for the prime space heating boilers.

2. Deliver hot water at 1000 F except for dish washing.

3. Utilize low temperature "waste" heat to preheat do-
mestic hot water.

4. Utilize solar collector as described in earlier sec-
tion.



educational activities
and energy use

RELATIONSHIP One of the obvious truths emerging from the observations of
BETWEEN NATURAL numerous New York City schocAs and the detailed analysis car-
AND MECHANICAL ried out in the preparation of this report is that energy ex-
SOLUTIONS pended in he process of conducting educational activities is

actually a very small part of the total energy expenditure of a
school. Effective teaching has been carried out under the most
simple and unassuming conditions. Socrates taught his pupils
in the shade of a tree. The early settlers in this country
taught effectively in the one room schoolhouse. Today, the
most valuable teaching may be carried out as effectively in
the older structures as in the most recently constructed
schools. In the end it is the inspiring teacher who has the
greatest effect on pedagogical results.

Natural

Illumination

This does not imply however, that provision of a safe and
healthful environment can be overlooked in architectural
design. Adequate light for safety and good vision, sens-
ible temperature and air circulation must be provided. The
purpose of this report is to find ways of effecting these
desirable environmental conditions with the least amount of
energy expenditure and in the least complicated way.

Technical and scientific developments have dominated nrd
determined the total built environment in the past several
decades to such a degree that we have lost sight of the
natural means of controlling the environment. Unquestion-
ably mechanical solutions are necessary where natural means
are not practicable or adequate, especially in urban
schools located in highly built-up areas. Nevertheless,
the findings of this report indicate that natural means of
controlling light, temperature and ventilation have not
been used to their full potential. Mechanical systems have
tended to dominate architectural design, have redundantly
duplicated available natural conditions and have become
overly complicated.

Natural lighting can be considered the basic light for the
classroom. It has a rounded color spectrum, its variations



c/2 in intensity are within the large adjustment capabilities of

Educational the human eye, and it has immediately understood connote-

Activities and tions linking the classroom to the outside world. Artific-

Energy Use ial illumination will serve to supplement this source (1)

when insufficient natural light exists; (2) when special
emphasis is needed; (3) for specific tasks; (4) for precise
control of light levels. In other words,. 4t is essential

to provide a lighting system -- both natul-1 rld artificial
-- which is responsive to the many varied e!,:.oational ac-

..ivities taking place within a school. In contrast to the

uniformly high light levels prescribed by various govern-
ment agencies and other organizations (sub-report h-2) de-

signed to accomodate the most difficult task at any point
in the learning space, the light delivery system should be
sufficiently versatile and rearrangeable so that major
changes in lighting patterns, can be easily accomplished.
Daylight will have to be modulated by shading devices, by
light baffles, by careful considerations of sizes and loca-
tions of windows (section d-5).

Artificial
Illumination

Light Levels

for Schools

Artificial illumination can be controlled by selective
switching (section d-11) whereby a chalkboard can get ad-
ditional artificial illumination to help attract pupil
attention; to compensate for brightening or waning daylight,
or to adjust to a quick rearrangement of furniture within

a classroom. NC) longer is the accustomed classroom of

30-40 fixed seats facing the chalkboard the universal
teaching space. As observed in the course of many school
visits and documented in the section on Educational Activ-
ities and Desirable Environmental Conditions (sub-report i)
many activitier; takf place during each class period, and

the number of students and teaching personnel are equally
variable. There are no typical teaching situations: stu-
dents work singly, in small groups, in class-sized groups,
in assembly-sized groups performing any number of educa-
tional activities in any number of furniture arrangements.
This requires a wide variety of light levels ranging from
low ambient light for discussions, lectures and AV pro-
ductions, to higher light levels fcir such tasks as reading,
writing and even more demanding visual tasks such as
drafting, sewing and laboratory work.

The actual determination of light levels has been under
considerable debate over the past few decades. Recommenda-

tions for school lighting have been startlingly divergent
during this time period. School light levels have risen
at regular intervals based largely on the findings of con-
trolled experiments carried out under laboratory conditions
purporting to simulate actual conditions.

In considering school lighting we have viewed the class-
room as the most important laboratory and have made some
investigations of the conditions within classrooms and the
results attained in the classrooms educationally. Our

findings tend to support the point of view expressed in
general terns by thorritish Department of Education and



c/3 Science, which based its recommendations on the work of the
Educational Building Research Station, and by Miles A. Tinker, who con -

Activities and ducted his classroom experiments at the University of Minne-
Energy Use sota (sub-report'h-1). The experience in England and the

studies of Tinker suggest that an ambient light level of
about 20 footcandles is quite adequate for all seeing tasks
in classrooms for children with normal vision. In class-
rooms for children with impaired vision, 50 footcandles are
indicated. . These levels should be supplemented as noted in
the charts covering "Educational Tasks and Environmental
Conditions" (sub-report 1).

Comfort Levels
for Schools

Control Options

In rooms with natural light through windows on one side,
measurements have established that even on an overcast day,
a window with a head of 9 ft, even with shades partially
drawn, provides an acceptable level of light 15 ft into the
room. This implies that daylighting can fill a substantial
portion of the school lighting requirements and that arti-
ficial lighting can play the supplemental role.

Similar conclusions have been drawn in the area of ventila-
tion, heating and cooling. As pointed out by Dr. Ralph G.
Nevins (sub-report g-2) under most conditions, open windows
will provide more outside air than is currently specified
under existing standards for mechanical ventilation. The
introduction of outside air above the basic requirements
should rely primarily on non-mechanical means. Mechanical
support should be used only when the natural systems are
inadequate.

In conclusion, it is our contention that, with understand-
ing, people enjoy the exercise of options that affect their
comfort conditions. They prefer to participate and modify
air flow, temperature and light conditions. We would no
more think of questioning a person's ability to open and
close a window at home, to switch a light on or off than
we would question the ability to unlock the front door.

The recent reports of the experiences in industrial plants,
SAAB, VOLVO, IBM in Britain and others, demonstrated that
productivity, too, benefits from the greater participation
of the individuals in the secondary decision-making process.
Similarly, the educational achievements ought to benefit
when the participants, teachers and pupils, can influence
the kind of setting they are in.



prototypical
proposals

1 BASIC APPROACH The function of a building is to provide an environment in
which a number of activities and tasks can be performed in
safety, in health and in physical and psychological comfort.
Criteria to provide these conditions frequently require
that the environment created be differentiated from the
natural (outside) environment. This in turn requires a
barrier between the two environments (the building skin).
As the restrictive properties of the barrier increase it
becomes necessary to reintroduce environmental factors to
the inside environment even though these services may be
abundantly present on the outer side of the skin. For ex-
ample, in a building with an opaque skin (no glass) it is
necessary to provide internal lighting, although there is
substantial daylight on the outside of that skin. In addi-
tion, as the distance from the skin increases, the avail-
ability of these "natural" environmental factors decreases.

These environmental factors are achieved for the most part
through the use of various forms of energy. The direction
of flow of this energy will, if not mechanically altered,
be from conditions of higher state to those of lower state.
At times this flow will move the interior environmental
conditions away from the desired state rather than towards
it. For example, when heating of a space is required, and
outside temperatures are lower tnan inside, the natural
direction of energy flow will increase the demand for heat.

Positive and In order to quantify and evaluate both mechanical and non-
Negative Energy mechanical building systems in terms of their impact, on
Flaw overall fuel consumption, the followinv oonvention will be

used to describe energy passing through the skin of a
building:

d-1/1

a) 'Positive enemy Any non-m-c Urarwmis-
sion of energy through a buildinc :Iktn which would other-
wise have to be mechanically nuppiftd wIll 1, ,,oHLtvc,
the value being equal to the rlourco etu rtvli.red ly the
mechanical process.

ft)
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Basic Approach

b) Negative eriaflow: Any transmission of energy
through the skin of a building which results in the need
to operate a mechanical system to counter the effect of the

transmission will be negative, the value being equal to the

source energy required by the mechanical process.

The sign of the flow is not exclusively determined by-the

direction of flow. For example:

a) Positive energy flow from inside to outside:
Building has interior heat abovedesired limits. Utilizing

natural air movement, heat energy is convected to outside

eliminating the need for mechanical cooling.

b) Negative enerl, flow from inside to outside: In

cold weather, building tends to conduct heat to the outside

requiring a mechanical heating system to maintain minimum

interior temperature.

c) Positive energy flow from outside to inside: In

situation cited in (b) above, solar radiation entering the
building will reduce the need for the mechanical heating

system.

d) Negative energy flow from outside to inside: When

over-heating is a problem, the same solar radiation will be
negative, requiring some mechanical means to remove excess

heat.

In terms of conserving source fuel, positive energy flow
will always be desirable, negative always undesirable; so
by comparing net annual positive energy flow, the relative

energy efficiency of skin and system combination can be

determined.

General Observations Over the past thirty years, devices and systems which modi-

fy the internal environment have tended to be mechanical,

requiring the input of energy for their operation. In de-

signing these systems, the negative energy flow through

building skin is calculated since it is this that the
mechanical system must offset; however, the positive flow

is usually ignored since this generally does not affect

the most extreme condition trig. a system will encounter.
This attitude has led to a general point of view which

considers building skin (or perimeter) a necessary evil

which should be minimized. In this situation, every at-

tempt is made to neutralize the energy flow betweep the

inside and outside environments thereby creating a rela-
tively predictable interior situation and to provide the

environmental factors by mechanical means with reductions

in fuel usage resulting primarily from the optimization of

systems and the minimization of negative energy flow

through the skin. This approach results in buildings which

are totally dependent on their mechanical systems.
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Basic Approach

___,=111

By considering net energy flow through the building skin
and maximizing the net positive result, a situation can be
developed where mechanical systeMs are used only when the
demands for energy consuming environmental services are
greater than the positive flow can deliver. This approach
requires that the building skin responds either actively or
passively to the outside environmental conditions, and to
the inside environmental demands. It also.requires a
mechanical system that can interact with conditions deliver-
ed by means other than itself. This approach is based on
a combination of building skin and mechanical systems in
which the greatest possible net positive energy flow
through the skin results in minimizing total fuel usage.
The actual efficiency of each system in operation mar in
fact be lower than similar alternative systems which func-
tion under more predictable conditions. Nevertheless, the
fact that they do not have to function as much of the time
results in overall fuel economy.

A number of factors suggest that this second approach is
worth pursuing in designing a new Low Energy Utilization
School:

1. Statistics indicate that buildings which rely en-
tirely on mechanical and electrical systems for environ-
mental control use considerably more fuel in their opera-
tion than do those which use natural means supplemented
with back-up systems,

2. Obserirations indicate that buildings which rely en-
tirely on mechanical and electrical systems for environ-
mental control perform no better, and in some cases less
well'in providing pre-specified environmental conditions.

3. IncreaSes in complexity of systems with predetermined
interrelated teeponses increase potential malfunctions at a
rate determined not only by the increased number of com-
ponents, but also by the increased relationships between
components.

4. Systems which attempt to provide environmental con-
ditions by utilizing predetermined responses to preselected
sets of conditions which are mechanically (or electronic-
ally ) received and interpreted tend to minimize the abil-
ity to respond to actual human requirements unless respon-
siveness to local, manual input is provided.

5. Buildings which rely entirely on mechanical and elec-
trical systems to produce acceptable environmental condi-
tions are totally vulnerable to drastic curtailments of
fuel and electricity. Buildings which use these systems
as augmentation for naturally delivered factors are less
susceptable to these pressures.

6. The changes and unpredictability of naturally de-
livered environmental Apsvices provide variation in the
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Future
Modifications

educational spaces which is valuable, both in the allevia-
tinn of environmental boredom, and as a teaching factor
which helps make students aware of the interrelationship of
their own micro-environments and the natural environment as
a whole.

7. The need to modify mechanical systems' operations as
outside conditions vary is an important educational factor
in familiarizing students with the procedures of operating
systems in apartments, homes, work situations, etc. which
they will encounter outside the school situation. Similar-
]y, the ability to vary conditions by non-mechanical means
such as opening windows or drawing shades and blinds in-
structs in the simple manipulation of environmental con-
ditions.

Therefore, this report advocates the approach of producing
a building in which environmental conditions are provided
by factors taken non-mechanically from the adjacent natural
environment whenever possible and mechanical systems when
not.

The new building will serve as a laboratory for the evalua-
tion of energy saving techniques. It is possible that some
of the systems will require additional back-up at some
future time. With this in mind, systems where this may
occur are to be designed so that this augmentation can be
achieved with minimum disruption of the building.



24, BUILDING
CONFIGURATION

Distance of
occupied spaces
from exterior
surfaces

d-2/1

prototypical
proposals

a) Maximize perimeter area which reduces overall fuel con-
.sumption by using solar and wind energy.

b) Minimize perimeter area which increases overall fuel
consumption due to excessive unwanted heat transfer to
and from the outside.

c) Organize internal arrangement of building to use natural
and mechanical environmental systems most efficiently.

Any environmental factor, mechanical or natural, will be
effective for only a limited distance from its point of
introduction. The distance between interior areas and
exterior surfaces will greatly affect the usefulness of the
available natural environmental elements. These will be
effective for only a limited distance from the point of
introduction unless specific means are employed to extend
their range. .Natural light, for example, loses effective.-
ness as the distance from the perimeter increases (the ex-
act loss pattern depending on the nature of the source).
Hot air will tend to stratify at the upper portions of a
space unless something forces it down.

As a result, if natural environmental factors are to be
used in the most direct fashion, it will be necessary to
limit the distance from exterior surfaces of all spaces
thus served. These limitations will have to be determined
for specific areas and orientations.

The above factors suggest several considerations in build-
ing configuration. Some of these may interfere with each
other or may be mutually exclusive. Rather than making
decisions on a component by component basis, the final set
of options selected will result from overall performance
analysis. These decisions must be made within the context
of a specific building project.
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1. Orientation must recognize micro-environment, i.e., adja-

cent buildings (existing or projected), terrain, etc.

2. Building should be oriented to maximize exposure to solar

radiation during the heating season:

3. Solar gain for heating should be scheduled to account for

temperature lag due to. thermal mass of building.

4. Relationship of building to outdoor spaces should be set
to maximize positive solar impact on these spaces, i.e.,

snow melting, heating in winter, sunning in spring and

fall, etc.

5. Relationship of building to outdoor spaces should maxi-

mize within limits, air movement in hot weather, minimize

air movement in cold weather.

6. Orientation should permit greatest utilization of outside

air movement to facilitate natural ventilation.

Maximize productive exterior surface. Whenever exterior

surfaces can yield positive energy flows, they are, by

definition, serving to reduce source fuel use requirements

as compared with a space which has no interaction with the

outside environment. The evaluation of what constitutes

productive surface will vary from one situation to another,

depending on the actual needs of the space, the type of

building skin, the orientation of the surfaces among other

factors. In general, it can be said that the highest pro-

ductivity from a wall survace will result from a skin

which (1) can permit greatest energy flow when natural flow

is in a positive direction, (2) can be most highly restric-

tive when energy flow is in a negative direction, (3) can

permit the flow of one type of energy when that type is

positive while restricting another type when that other

type is negative. When these three criteria can be met

and adequate natural energies (wind, solar heat and light)

are available, a productive exterior surface can be

achieved. In these situations, the exterior surface should

be maximized. This has obvious impact on building config-

uration.

Minimize counter-productive exterior surfaces, that is,

surface areas which, due to negative energy flow, result

in the utilization of more source fuel than would be used

if the surfaces had no energy transfer to or from the ex-

terior.

There are three ways of minimizing counter-productive !gut-

Paces. One is by redesigning the skins which make up these

surfaces so that they become productive. In doing this, it

is important to ensure that there is a demand for the posiu.

tive energy being delivered if actual source fuel savings

are to be realized. For example, the natural light pro-

vided in a rarely used but constantly heated storeroom

1



d-2/3 represents a source fuel saving only if the fuel required
Building to artificially deliver light for certain hours per day is
Configuration more than the fuel required to replace heat lost by con-

duction through the glass. In actuality, when light is
needed only a small part of the time, it is usually more
economical to use artificial light which can be switched
off when not needed. Where actual operating conditions do
not coincide with assumed computed conditions, results may
occur which are opposite from those anticipated.

Proportion

The second way of reducing counter-productive surfaces is
to structure the internal organization of the building to
place those functions which will have the greatest demand
for positive energy flow adjacent to the exterior skin.

The third method for reducing counter-productive surfaces
is to actually reduce the amount of exterior skin when that
skin must result in a negative flow either because of
orientation, building program, micro-climate or other
specific restrictions. The asymmetry of solar incidence,
prevailing winds, program, etc. may lead to a situation
where it is desirable to have more actual surface on one
side of a building than on another.

In order that positive energy flow be non-mechanically de-
livered to areas which have sufficient demand, these areas
must, in general, be in close proximity to the building.
skin. This requires relatively tPir plans and sections.

In general, building configuration 'will be determined by
first evaluating the available demanu for energy related
services, the availability or natural sources of these
services, the density of these sources and the efficiency
with which these sources can to capfureci aAd retained.
This will indicate the amount of pr,,u.:rtii,,? exterior sur-

face required to deliver these nature' services. This is, of-
course, a highly idealized and abstrated Fl.tuation. In
the case of an actual building; a series of trade-offs will
have to be weighed. There will Ilways be .3onie unavoidable
counter-productive surfaces which will, in fact, tend to
be increased by the effort to increase productive surfaces.
There will be cases where the natural amount of surface
area generated by a specific plan requirement will be less
than that required to satisfy energy demand even under
ideal conditions.

However, the synthesis of a specific building responding
to the basic considerations above will yield a total en-
tity which will be less dependent on mechanical systems to
modify interior environments to acceptable standards due
to an increased ability to use natural sources. If pro-
visions are also made to restrict negative energy flow,
the net result will be a decrease in the use of source
fuel.



Summary of
Findings

d-2/4

1. Evaluate program to determine areas that can take
greatest advantage of natural light and ventilation.

2. Arrange building so that those spaces which can bene-

fit from natural light and natural ventilation are located

at the perimeter of the structure. In this way unavoidable,
unwanted heat loss and gain will be offset by natural means

of satisfying light and air requirements.

3. Arrange building so that spaces which can least bene-

fit from natural light and ventilation are located in the
interior portions of the building.

4. Orientation will be governed by site restrictions. If

options are available, orientation will be determined by
solar consideration, according to criteria which will maxi-

mize solar heat gain in the peak heating season (particularly

in the early morning to reduce start-up loads) and minimize

heat gain in temperate and hot seasons. The wind patterns in

most urban sites are erratic precluding orientation based on
prevailing air Currents; however, in cases where buildings
are in highly exposed sites, this must be considered.
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prototypical
proposals

3 BUILDING SKIN a) Maximize positive energy flow through building skin.

b) Minimize negative energy flow through building skin.
(for discussion of positive and negative energy flow,
see section d-1)

The building skin, the facade, is the most visible part of
the building, and is the most expressive of the whole de-
sign approach. While it has had the historic role of
allowing light and air into the interior of the building
when required, keeping in desirable heat and keeping out
unwanted heat, in recent years it has been drastically

simplified to accommodate techniques of construction and its
performance requirements have been minimized, since mechan-
ical systems were considered totally capable of providing
a satisfactory interior environment. A fundamental re-
examination of the requirements and performance of build-
ing skins promises to allow major reductions in energy
demands.

In the complete pattern of energy use in a typical New York
City school, the building skin is responsible for about 35
percent of the heat required to maintain prescribed condi-
tions. Tlis figure can be reduced by improving the thermal
characteristics of both the glazed and opaque sections of
the s' .in (including the roof).

Current regional practice has been to provide an overall
U-factor (including glass) of about .44. By adding insula-
tion in a cavity masonry wall, by increasing insulation in
a curtain wall from 2" to 4" and by adding insulation be-
tween a masonry wall and the interior finish the U-factor
in opaque walls can be improved to .1. By going from
single glazing to double glazing, the U-factor of the
glazed areas can be improved from 1.13 to 0.67.

d-3/1 These changes would improve the overall U-factor to about

'1Htl
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.22. Based on present New York City school consumption

figures, this would save about 90 gallons of fuel oil per
msf of school area per year.

By introducing daylight through the building skin, interior
light requirements in classrooms can be reduced by about 25
percent. For every lineal foot of glazed window in the
facade, there is an annual saving of 18 kwh.

By having operable windows, the amount of electricity used
to operate fans and air-conditioning can be reduced by 30
percent. This constitutes a saving of 290 Wh/msf/yr.

These are savings that can be achieved by improving the
performance of the standard wall components. They are not
additive, but do offer important savings.

By re-examining the performance and requirements for the
entire wall, however, additional energy savings can be ex-
pected, with a wall that is more responsive to solar input
when heat is required and with a greater capability of
screening out solar gain when it is undesirable.

Energy Transmission The utilization of a large surface between inside and out-
and Resistance side in order to reduce source energy utilization requires

that the membrane that defines this surface be able to both

transmit and restrict'a number of different forms of en-
ergy flow depending on the availability of the various
sources in the natural environment and the demand for these
services at the building interior. In general, transmis-
sion is easier to achieve than resistance for conducted and
convected energy transfer. Transmission is much more diffi-
cult in the case of radiated energy. If the building skin
is to respond to varying situations it must, as stated ab-
ove, modify these energy flow characteristics.

Positive Energy
Flow

Positive energy flow, that is, energy flow that reduces the
need for the consumption of source fuel can be either en-
ergy input to or output from the interior environment.

Input Positive energy flow as input occurs in the following
forms:

1. Solar radiation used as light

2. Solar radiation used as space heat

Output

3. Conducted and convected. heat when outside ambient tem-
perature is higher than inside and inside is below de-
sired level.

Positive energy flow as output occurs in the form of con-
ducted and convected heat when Interior temperature is
higher than exterior and insida is above the desired level.

Heat transfer through a building skin by conduction and
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convection is not necessarily a straight line flow but can
be around corners, curves, etc. requiring only that there
be a driving pressure to induce the energy or medium to
move. In the case of conduction, this would be a tempera-
ture differential. In the case of air convection, it would
be a weight differential resulting from the differential due
densities of hot and cold air, or pressure differntial due
to outside wind patterns. The force generated by tempera-
ture or pressure differentials between inside and outside
will induce air movement which can be utilized to bring
outside air in for ventilating purposes. This may result
in a negative energy flow when evaluated in terms of space
heat, however, certain quantitites of outside air must be
introduced to interior environments in any case. If not
done in this manner, it will require the use of source fuel
to operate fan motors. This convected transfer of energy
can also be used as the device to transfer energy through
a skin which otherwise has a high resistance to flow. Thus,
a skin with high thermal resistance when sealed against air
penetration will have a low overall resistance when air is
allowed to pass through it.

Radiated energy is highly susceptible to absorption or re-
flection and travels primarily in straight lines making its
control a relatively simple matter. The problem comes pri-
marily when it is to be used in an environment where the
conducted and convected transfer has to be controlled.
This requires the use of a material which is transparent to
radiation but resistant to conduction and convection. In
general, materials with high radiational transparency have
low resistance to conduction. The most typical example of
this is glass.

The Ideal An ideal building skin could be described as follows:
Building Skin

1. It would permit total penetration of all radiant en-
ergy striking it, but would have the capability of selec-
tively reducing all or part of the entire spectrum or
specific portions of the spectrum. The Selective reduction
of the entire spectrum permits the modulation of total en-
ergy gain which, in the end, is equivalent to heat gain
control. By selectively filtering portions of the spectrum
it permits radiation in a useful range to enter while barr-
ing that which is counter-productive, as in the case of ad-
mitting visible light radiation while filtering infrared
during the summer yielding natural light from solar radia-
tion (about 25 percent of total) while keeping out unwanted
heat. Providing means to limit this natural light input to
those levels which are actually desired minimizes the heat
energy which inevitably results from the presence of light.

2. The skin would have a total resistance to conducted
energy transfer and be impervious to air penetration, thus
eliminating convected losses. It would have the capability
of having its thermal resistance varied permitting free
conducted flow of energy if the outside ambient temperature
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Solar Heating
Factors

PROTOTYPICAL
EXAMPLE 1:

FACADES RECEIVING
SUFFICIENT INSOLA-
TION TO MAKE SOLAR

HEATING VIABLE

was closer to the desired inside condition than the pre-

vailing one. The skin would also be able to admit as much
air as would naturally flow through a completely unencum-

bered area of equivalent size.

A number of these performance characteristics are imprac-
tical to achieve, some are virtually impossible, and an
assembly which approached all these requirements would be
prohibitively expensive. It might, in fact, consume more
energy in construction than would be saved in operation.
There are, however, a number of alternatives which would
approximate this condition and which are relatively simple

to execute. As in other cases, however, approaches can be
illustrated most easily by citing prototypical solutions

to a hypothetical situation.

This consideration must be based on a number of factors
which can only be analyzed in total at the time a specific
building design is undertaken including:

a) Site limitations on orientation.

b) Solar micro-climate, i.e., local shading factors due to
adjacent buildings, to topography, etc., typical local
wind patterns.

c) Use patterns anticipated both daily and annually.

d) Degree of dependability of user adjustment.

A wall component responding to the performance standards
previously listed has been designed and evaluated.

Assume a 10'-6" floor to floor dimension dimension and a

10'4" x 121-0" skin module (figure d-3/6). The portion

below the window sill line functions as a typical thermo-
siphoning panel (section d-5, Solar Energy). The upper

portion of the module is divided into two functions. The

center port.l.on is a chase which collects the hot air from
the entire lower portion, adds some additional solar heat
and discharges the heat from the top, either into the
room or to the outside, depending on the setting of a

damper. The side portions are openable windows with
shutters on the outside which serve both as thermal and

solar control.* The shutters are insulated, tight fitting
and reflective on the outside. Or easterly and westerly
exposures, they operate vertically, opening on the north
side. On the south, they are horizontal, awning type. By

selecting the appropriate degree of opening, direct solar
radiation can be either reflected into the room or out-
wards.

*The term "thermal shutters" will be used to describe all
devices that can be closed to reduce heat transfer between
inside and out, such as louvers, dampers, rolladen, slid-
ing panels and even insulating draperies.

/1,0



d-3/5 For the following sections, these factors will be used
Building Skin (areas are per 10'-6" x 12'-0" module):

1. Total thermo-siphon area 90 sf

2. Total operable window area 35 sf

3. U-factor for thermo-siphon area when not in operation
.06 (based on 4" rigid insulation, air space and cover
plate)

4. U-factor for window area with shutters open 1.13

5. U-factor for windows with shutters closed 0.18 (based on
1" rigid insulation, air space and 1 thickness glass)

6. Average January daily insolation:
East & West 372 btu/sf
Southeast & Southwest 645 btu/of
South 828 btu/sf

(While there is some insolation for North exposure even
when there is no direct solar radiation, it is not high
enough to warrant the installation of collectors on this
facade).

Heating Season The damper is set to direct solar heated air inward.

--4----.

1 ---' ----" ;
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FIGURE d-3/1:
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PANEL ..---'

HEATING POSITION i
,
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The windows are closed and the shutters are open wide
enough to reflect sunlight into the room. Taking operation
from 9 AM to 3 PM, we see the following heat flow patterns:

East and West - For about 3 hours/day the thermo-siphoning
panels receive sun totaling about 372 btu/sf or a total of
33,500 btu/module/day. With an overall efficiency of about
20 percent, this results in the delivery of about 6700 btu/
day/module. The operating efficiency takes into account
the heat loss from the panel so that heat gain is net for



d-3/6 the operating period. During the other three hours when

Building Skin the sepool is in operation, the panel acts as a typical
wall with a U-factor of 0.06. If the average outside tem-

perature is 33° F and the inside temperature is 68° F, the
heat loss for those three hours will be:

(90) (.06) (35) (3) = 567 btu/module

The U-factor for windows is 1.13; consequently, for the
six hours in question, the heat loss will be:

(35) (1.13) (35) (6) = 8305 btu

When there is insuffient Insolation, the back draft damper
automatically shuts down the thermo-siphon. At night the

shutters are manually closed. This results in a closed
wall with an average U- factor of:

(90/125) @ .06 = .043

(35/125) @ .18 = .050

Average U ='.093

Assume an average outside temperature of 20° F and an in-
side temperature of 60° F (building is allowed to "coast").
For eighteen hours this will give a total heat loss of:

(125)' (.093) (40) ( 18) = 8370 btu

The total conducted heat loss will be 17,242 btu/day/module.
If the heat gain from the solar collector is included, the
net daily loss is:

10,542 btu/module

If the building skin were of conventional type, assuming
high quality insulation in the opaque portions and 25 per-
cent single glazing, the same area would have the following
daily heat loss for the same assumed conditions:

(125 x .25)(1.13)(35)(6) = 7,415

(125 x .75)(0.06)(35)(6) = 1,181

(125 x .25)(1.13)(40)(18)=25,425

(125 x .75)(0.06)(40)(18)=14,050

38,071 btu/module
(10'-6"x 12'-0")

In both cases, solar gain from the windows has been ignored.

The collectors on the same prototypical skin module on a SE

or SW exposure would be expected to produce about 11,610



d-3/7 btu/module. This would result in a net heat loss of 5,632
Building Skin btu/na1di'.

Supplementary

Ventilation

FIGURE d-3/2:

THERMO-SIPHONING
PANEL
VENTILATING
POSITION

For a south exposure, the expected daily heat production is
14,904 btu/module resulting in a net loss of only 2,338
btu/module.

No allowance has so far been made for the heat demand which
results from the introduction of required outside air. If
it is assumed that one module will enclose the area used by
fifteen students, the total quantity of outside air intro-
duced during the typical six-hour operation period will be:

(15 students)(5 cft/student)(6x60 minutes) =
27,000 cubic feet/module

The heating load resulting from this outside air will be:

(27,000)(.018)(41t) = 486 At btu/module

or, for the time under consideration:

17,010 btu/module

This demand for heat due to introduction of outside air is
important since it can be seen that in the most extreme
heating demand conditions the skin module in the south ori-
entation can replace virtually all the conducted heat loss
with the solar collectors. In February, the insolation on
a south wall will average 785 btu/sf/day. 06 module's
collectors could be expected to produce 17,10 btu/day
which is virtually equal to the total conducted loss under
the outside temperature conditions assumed ii the previous
example.

When the prime consideration is the prevention of excess-
ive heat rise due to solar and internal loads, the damper
is reset to direct air from the collector outward. Thus, as
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the sun heats the air in the thereto- siphoning panel, it

rises and exhausts, drawing make-up air from the room.
This air can be provided from open windows or from the

corridor. This air movement has the additional advantage
of drawing off heat that would normally be absorbed by the
building and of functioning most actively when the need due

to solar loading is the greatest.

PROTOTYPICAL Assume a 10'-6" floor to floor height. For rooms which re-

EXAMPLE 2: quire light (that is, virtually all occupied spaces) pro-

FACADES RECEIVING vide continuous windows from 3'-0" to 8'-0" above floor
INSUFFICIENT INSULA-level and fit these windows with thermal shutters. These

TION TO MAKE SOLAR windows will provide light to a 10'-0" strip of floor area,

HEATING VIABLE an average of about 6 hours/day and, assuming shutters will
be open about 8 hours/day, the wall will have an average
daily U-factor of 0.27.

Average U-factor with shutters open:

(5.0/10.5)(1.13) + (5.5/10.5)(.06) = .57

Average U-factor with shutters closed:

(5.0/10.5)(.18) + (5.5/10.5)(.06) = .12

Average Daily U-factor:

(8/21)(.57) + (16/21)(.12) =0.27

Note: In evaluating the use of artificial light where heat-
ing is a criterion, one factor frequently cited in favor
of artifical light is that the associated heat tends to
reduce the load on the heating plant and that reduction,
in conjunction with improved U-factors made possible by the
elimination of glass outweighs the energy savings resulting
from natural lighting. This argument tends to ignore the
heat associated with natural (solar) light which is actu-
ally about the same as for fluorescent light (section d-5,

Solar Energy).

Take one lineal foot of wall 10'-6" high. Compare wall

"A" with average U-factor of 0.1 providing no natural
light and wall "B" with average daytime U-factor of .57
and thermal shutters, providing light to a ten foot deep

strip of floor area for six hours/day average. (Assume

shutters open eight hours/day, similar U-factors for two
walls with shutters closed, average daytime temperature
differential of 20° F, 120 operating, heating days and 200

total operating days).

Wall A - The seasonal conducted heat loss from one lineal
foot of wall when room is in use will be:

(10.5)(0.1)(20)(8)(120) = 20,160 btu

If this heat loss is replaced by a system with 60 percent
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efficiency, it will require 33 600 btu source energy.

Wall B - The total seasonal conducted heat loss from one
lineal foot of wall occurring where room is in use (shut-
ters open) will be:

(10.5) (.57) (20) (8) (120) = 114,912 btu

If this heat loss is replaced by a system with 60 percent
efficiency, it will require 191,520 btu source energy.

If these windows replace 1.5 watts/sf over 10 sf floor area
for six hours per day average, the total savings will be:

(10) (1.5) (6) (200) = 18,000 wh

At local generating rates, this represents:

(18,000) (12.4) (1.1) = 245,520 btu source energy

Thus, Wall A has a net negative flow of 33,600 btu and Wall
B a net positive flow of 245,520 - 191,520 = 54,000'btu.
In terns of the factors discussed above, the use of Wall B
would result in savings in source fuel amounting to about
87,600 btu/lineal foot/yr.

The two wall systems described here are intended to show an
approach to designing non-mechanical components of a build-
ing to reduce energy use. They are not intended to be in
any way definitive solutions to building skins.

Computer simulation, using an hourly weather tape would be
useful in determining specific applicability. The time
when heat is required in the building versus the ability of
the thermo-siphoning collectors to provide that heat is an
important factor in evaluating the suitability of the scheme
for school use. Figures d-3/3 and d-3/4 indicate the con.
plexity of the problem.
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FIGURE d-3/3:

HEM CONTRIBUTIONS
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FIGURE d-3/4:
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FIGURE d-3/6:
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FIGURE d-3/7:

SEASONAL POSITION
OF SHUTTERS

LEGEND FOR
FIGURE d- 3/6

(I) Collector plate with absorptive surface, backed with
insulation.

(2) Transparent, corrugated fiberglass

OTranslucent insulating panel.

® Thermal-solar shutters (Reflective surface, backed with
1" rigid insulation shown closed. Dotted lines indi-
cate full open position). Sections are taken through
south facing elevations. (For East and West facing
elevations, vertical shutters will be used). During
winter the shutters can be used to reflect light into
the room while the room is occupied. During summer,
the shutters can be used to reflect heat off building.

SOUTH FACING SECTION

WINTER SUMMER

WEST EAST

WINTER SUMMER

(5) Back draft damper automatically closes to prevent re -

verTe flow.

© Manually operated damper shown in heating cycle posi-
tion, directing solar warmed air into the room. When
in dotted position, air is discharged through this
louver to the outside.

0 Self-operating insulated flaps, automatically close
to prevent reverse flow.

0) Vent window.

® Sliding glass window for ventilation can be moved be-
hind translucent insulating pane10)(shown dotted).

@Conventional convector.

0 Entry for room air to be heated by thermo-siphoning
collector and/or convector.

9



Summary of
Findings 1. Desirable characteristics of the building envelope

are a high resistance to unwanted thermal transfer and an
ability to utilize natural light, ventilation and solar
heat when available and desired.

2. Provide an average roof U-factor of 0.06.

3. Provide an average wall U-factor of 0.15. 0.15 is the
average of all wall, window and door surfaces based on the
use of thermal shutters as follows:

Opaque wall 64%, U = 0.06 = 0.0384
Windows (thermal shutters closed) 35%, U = 0.30 = 0.1050
Doors 1%, U = 0.60 = 0.0060

57147
SAY: 0.15

Opaque wall 64%, U = 0.06 = 0.0384
Windows (thermal shutters open) 35%, U = 1.13 = 0.3955
Doors 1%, U = 0.60 = 0.0060

UMW
SAY: 0.44

Note: These factors are for walls with thermal shutters
only. Overall wall thermal performance is to result in an
average U-factor of 0.32 without requiring shutters.

4. Provide windows to permit natural lighting to be uti-
lized for ambient lighting throughout ten-foot deep perim-
eter zone.

5. Provide insulated shutters at windows to prevent ex-
cessive heat loss when the light transmitting properties of
the glass are not required.

6. Provide solar shading to prevent excessive heat gain
when it is not desired.

7. Provide an average U-factor of 0.14 for slabs between
heated and unheated spaces.

8. Provide slab on grade with vertical edge insulation
with total average U-factor of 0.12.

6-3/14



prototypical
proposals

40 THERMAL MASS a) Evaluate advantages of low thermal mass construction
during heating season.

Definition of
Thermal Mass

b) Evaluate advantages of high thermal mass construction
during cooling season.

c) Select high or low thermal mass approach based on trade-

offs between .a) and b) above evaluated throughout an en-
tire operating season.

Thermal mass refers to the heat storage capacity of the
materials of a building. It is a characteristic that is in-
dependen of the insulating quality of the structure. It is,
in effect, an energy reservoir which delays the impact of
energy input or outflow. This is due to the fact that a spe-
cific quantity of energy will create a smallertemperature
rise in a large mass than it will in a small mass.

This characteristic of large thermal mass structures can
serve a positive function in the sumner.by reducing the tem-
perature rise in a building during the day by storing some
of the heat and then releasing it at night. It can also
serve a positive function during the winter, if the internal
and solar heat gains are greater than the total heat loss.
In this case, if the building had no thermal mass, the tem-
perature would continue to rise above acceptable limits which
would, in turn, require rejecting the excess heat to the out-
side where it would be lost. Storing some of this heat with-
in the structure permits the building to "coast" for a longer
period after these heat gains have been removed.

The drawback to high thermal mass occurs when a mechanical
system is required to move a building's temperature from one
level to another. Under these conditions, energy must be ex-
pended to fill or empty this energy reservoir. This energy
is in excess of that which is required to heat or cool the

d-4/1 air to the desired level.



d-4/2 The ability of a building to provide a predetermined ther-

Thermal Mass mal environment in the face of widely varying exterior con-
ditions is due in part to the thermal mass of the struc-
ture, that is, the capacity of the building to store heat
energy at some set temperate e. It must be stressed that
thermal mass and thermal resistance (insulation) are dis-
tinct from each other. It is entirely possible to have a
building with high insulation and low thermal mass.

Example: Winter
Characteristics

The contribution of thermal mass to energy conservation
varies substantially with the interrelationship of use and
exterior environmental cycles. The three examples(figures
d-4/l, d-4/2, d-4/3) shown indicate trends only and are not
intended to show actual conditions.

For the purpose of demonstration a school day from 9:00 AM
to 3:00 PM is used. The assumed acceptable indoor tempera-
ture range is 65° F to 75° F for winter, 60° F to 80° F
for summer. Where the temperature level is being mechani-
cally maintained, a highly responsive system is assumed
which does not substantially over-supply its service.

In the winter example, starting the cycle at 3:00 PM, heat-
ing plants are shut down and the buildings begin to cool.*
With identical insulating properties, the initial heat
flow is the same for both the high and low thermal mass
buildings. The low thermal mass building however, will ex-
perience more rapid temperature drop due to the fact that
it contains less heat. As the interior temperatures fall,
the temperature differentials will also decrease (allowing
for changing outside temperature) but that of the low ther-
mal mass building will decrease more rapidly, resulting in
a more rapidly decreasing rate of heat loss. Both buildings
will continue to lose heat until heating plants are activa-
ted in the morning. The amount of heat that must be intro-
duced to reach the minimum acceptable level will be the same
as that lost during the night, plus that lost during the

*It is actually current practice in NYC schools to shut
down heating plants earlier. However, if the building is
actually at minimum temperature and the heat loss is
greater than the heat gain, heating must be provided as
long as the school is in operation. What in fact happens
is that schools tend to be somewhat overheated. The heat
input from lights and occupants slows the temperature drop.
Thus, if the building is heated five degrees above the
minimum acceptable temperature, it will be some time after
the heating plant is shut off before that minimum is
reached. This permits end of day coasting while remaining
within acceptable bounds. However, the over-heating pro-
duces a temperature differential which is greater than
necessary, which in turn increases heat loss.
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heat-up period. Assuming plants of equal size, it will be

necessary to activate the system in the high thermal mass
building earlier due to these factors:

1. It has lost more heat durjng the night so more heat
must be reintroduced.

2. It is starting at a higher temperature, so the tempera-
ture differential is greater resulting in a more rapid
heat loss during heat-up period.

3. The earlier start-upiresulting from the first two con -

ditions, further delays the achievement of design tem-
perature because as the building is heated, the tem-
perature differential increases, increasing heat loss
and decreasing the rate of temperature gain.

Thermal Mass It may seem paradoxical that one building starting at a

Temperature higher temperature than another takes more heat to achieve

Analogy a similar end temperature; however, the following analogy
may be useful.

Buildings function as energy vessels. These may be

considered as containers of water. The temperatures
are represented by the levels, the heat loss is re-
presented by leaks at the bottom of the containers,
and the temperature differentials are represented by
the height of the water above the leak (figure d-4/4).
As the height of the water increases, the pressure
on the leak increases and the flow of water increases.

If the size of the holes in both containers is the
same, the container having the higher water level
will leak faster. If the two containers are filled
to the same level and allowed to stand, they will be-
gin leaking at the same rate; however, the smaller
one's level will fall faster thereby reducing the
pressure on the leak and reducing the rate of flow.
It can be seen that even though the level of the
smaller container drops more rapidly, the actual
water lost is less. If similar faucets represent
the sources of heat needed to reestablish the origi-
nal (daytime) temperatures, it can be seen that the
large container will take longer to refill and that
during the refilling time, the rate of loss will be
increasing.

In the original example, once the buildings achieve their
minimum operating temperatures, the rate of heat loss will
be the same for each with just enough input to make up
for the loss. The condition is analogous to the two con-
tainers receiving water at the same rate as the loss. If

a-Z*1
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d-4/4 they are at the same level, the input and output will be
Thermal Mass the same. The flow will continue in this fashion until

the systems are shut down at 3:00 PM which completes the
daily cycle.

As stated earlier, this discussion is based on a situation
where the internal and solar gains are less than the heat
loss, requiring the input of mechanical heat. If these
factors are greater than the loss, the picture changes.
In this case, the temperatures will continue to rise with-
out the input of the heating system. The temperature in
the low thermal mass building will rise faster than that
of the one with high thermal mass. As long as the tem-
perature remains within the acceptable limits, it will be
useful permitting the building to coast further when these
heat sources are removed. In this case, however, the low
thermal mass building will have the greator heat loss due
to the higher temperature differential. If the tempera-
tures exceed the acceptable conditions some heat will have
to be discharged (the equivalent of letting water spill
over the top of the container) and this is waste energy
in the sense that it is available but not useful at the
time it is available.

Example: Summer The summer situation is somewhat different, although re-
Characteristics lated. The analogy would be the same two containers,

partially full and partially submerged in water (figures
d-4/5 and d-4/6.

At 3:00 PM the buildings are cooler than the ambient air
but since they are unoccupied, the temperatures are allow-
ed to rise, the high thermal mass building rising more
slowly. As the outside temperature drops below the build-
ing temperature, the building temperatures drop; again,
the one with high thermal mass, more slowly. At some
point in the morning, the outside temperature will again
pass above those inside, and the inside temperatures will
begin to rise towards the pre-established limit. When
they reach the limit, the cooling systems must be intro-
duced if the limit is to be held.

In the water example, this would be represented by use of
a pump which would remove enough water to prevent its
rising above a preset level. It is possible that either
the higi or low mass building might reach this level
first; however, once the level is reached, the rate of
cooling required will be the same, since the rate of in-
coming heat is a factor of temperature differential and
insulation.

Example: Spring During the spring and fall when outside temperatures range
and Fall above and below the inside temperature, the high thermal
Characteristics mass will have any advantage that may exist. This is due

to the stabilizing effect of the mass.

rZ It.



Selection of
High'or Low

Thermal Mass

Modification of
Thermal Mass

To a lnrge degree, the thermal mass of a building is not
subject to manipulation; however, there are choices in
the selection of structure, closure, partitions and other
systems. The determination of whether high or low thermal
mass should be sought will be a function of the following:

1. Local climate

2. Site factors such as shading

3. Acceptable (design) interior conditions

4. Operating patterns and schedules

There are, in addition to selection of building systems,
means of increasing thermal mass by introducing high mass
material into the building envelope. In some cases this
material has been installed in such a way that it can be
moved inside or out of the building shell as the situation
changes. This has been accomplished, for example, by the
use of two sets of large tanks with connecting piping, one
set inside the building and one set out. When weather and
use conditions favor a high thermal mass, water fills the
inside tanks. When low thermal mass is preferable, the
water is pumped to the outer set and stored. In addition;
by shifting the water on a daily cycle, it is possible to
collect heat on one side of the building skin and release
it on the other. For example, in the summertime, water
which is inside during the day will pick up heat from the
building and store it at the inside temperature. At night,
When outside temperatures fall below what the inside tem-
perature had been, this water can be pumped to the outside
tanks, where it will lose this heat to the air and night
sky. In a system of this type, care must be taken to en-
sure that the source fuel required to power pumps, control
systems, etc. is less than that which would be used to
achieve the same results by direct mechanical processes.

The effective thermal mass can also be change. by use of
materials (generally salts) which absorb or release large
amounts of heat whea they change state. These materials
are able to store large amounts of energy at preselected
temperatures using relatively small physical masses.
Several other advantages also exist.

Selecting a material which changes state at a low tempera-
ture will permit the storage of low temperature heat en-
ergy. That is, a material which changes state at 78° F,
for example, can store energy from an 80° F environment
and release it to a 76° F environment. In practical terms,
this could serve a double function. During heating
seasons it would collect and store the excess heat energy
from lights, occupants, etc. which would tend to raise the
interior temperature above acceptable limits and release

d-4/5 it before the temperature dropped below acceptable limits.



d-4/6 During the cooling season, these salts would absorb
Thermal Mass large quantities of energy, preventing the inside tem-

peratures from exceeding desired limits and, if exposed
to the outside, release this energy when ambient tempera-
tures are about 74° F ( a condition frequently occurring
during summer nights). The use of these salts in buildings
is beginning to receive serious study. Although it is
currently difficult to assess the feasibility of their use,
it is possible that within the next six months, development
and general availability will permit their inclusion.

Summary of 1. The selection of structural, closure and partitioning
Findings systems will have an effect on thermal mass which is inde-

pendent of thermal transmission characteristics.

2. High thermal mass building will perform with less
fuel use when outside temperatures swing above and below
acceptable inside temperatures (summer). Low thermal mass
building will perform better when outside temperatures re-
main consistently above or below acceptable inside tempera-
tures (winter). In selecting one or the others trade-offs
between the seasonal difference must be weighed.

3. The choice of high or low thermal mass construction
will have to be evaluated at the time of actual building
design, using a computer simulation reflecting actual
scheduling, program, site, etc.
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Thermal Mass
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Thermal Mass

3:00 PM
Supplies Are Turned

Off. Both Leak At
Equal Rate.

Midnight
Supplies Still Off.
'A' Has Greater
Rate Of Loss Than
'B' Due To Higher
Level.

5:00 AM
Supply 'A' Is Turned

On Full To Overcome
Night Loss. 'A' Must

Replace More Water
Than 'B'.

7:00 AM
Supply 'B' Is Also

Turned On Full. Both
Supplies Are Re-
placing Night Loss.
Rate of Loss From
'A' Is Greater Than
That of 'B'.

n:00 AM
moth 'A' And 'B'

Reach Operating
Level. Supply Is At
Maintenance Rate,
Equals Rate kqs.

FIGURE d-4/4:
THERMAL MASS
WINTER ANALOGY
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Thermal Mass

3:00 PM
Both Pumps Turned
Off. Inside Levels
Rise.

6:30 PM
Outside Level
Dropped. Both In-
side Levels Continue
To Rise. 'B' Rises
Faster, And Equals
Outside Level.

7:00 PM

Outside Level Drop-
ped, Equals 'A' And
Is Lower Than 'B'.
'B' Flows Outward.

FIGURE d-4/5:

THERMAL MASS

SUMMER ANALOGY 1

L

A
HIGH
THERMAL
MASS

C1

B
LOW
THERMAL
MASS
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Thermal Mass

Midnight.
Outside Level Con-
tinues to Drop. In-
side Levels Both
Drop.

9:30 AM
Outside Level Rises.
'B' Fills Up Faster
Than 'A' And Reaches
Maximum Acceptable
Operating Level.
Pump 'B' Starts Re-
moving Water.

10:30 AM
'A' Reaches Maximum
Operating Level.
Both Pumps Run at
Same Rate to Main-
tain this Maximum
Level.

FIGURE d-4/6:
THERMAL MASS
SUMMER ANALOGY 2

A B
HIGH LOW
THERMAL THERMAL
MASS MASS
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prototypical
proposals

54, SOLAR ENERGY.* a) Utilize solar energy when available to perform functions
that would normally require the commitment of fossil
fuel or nuclear energy resources.

d-5/1

b) Avoid unnecessary, unwanted heat loss, and heat gain, at
the solar collector.

c) Avoid unnecessary complexity in construction that would
tend to result in a device which would not be executed
as designed with a consequent loss in operating per-
formance.

d) Avoid unnecessary complexity in operation that would
tend to prevent function as designed with a consequent
loss in operating performance.

Most of the principles that lead to building forms that are
responsive to natural forces take advantage of solar energy
in one form or another. The use of prevailing winds for
natural ventilation is a response to air movements caused
by the differential solar heating of the earth's surface.
The admission of winter sun for heating while screening out
unwanted summer sun is a response to direct solar radiation
and to changes in ambient conditions. The use of a build-
ing's mass to absorb the sun's heat during the day and to re-
lease it at night serves the dual function of limiting maxi-
mum daytime temperatures during the hot seasons and minimum
nighttime temperatures during cold seasons. The use of
daylight for task illumination within a building employs
the visible light of solar energy in place of the .

fuel which would otherwise be required to generate the
electricity for lighting.

*Section prepared with assistance of TOTAL ENVIRONMENTAL
ACTION (TEA), Harrisville, New Hampshire. Portion on "In-
solation Quantities" was extracted from TEA's solar energy
feasibility study prepared for this report.

C3



d-5/2 This section deals primarily with the use of the radiant

Solar Energy energy from the sun. The effects of wind on building and
system design are discussed in 'Cooling', (section d-8)
and 'Ventilation', (section d-9). The effects of building
mass on interior environments are covered in 'Thermal
Mass', (section d-4). The direct use of solar radiation is
to some extent limited by the necessity to use the energy
immediately and at the point of introduction, and by the
difficulty of storing it. Techniques have been developed
which widen the applicability of so: r energy. Most com-
monly, solar energy is introduced into a transfer medium
such as air or water and distributed to areas remote from
the collection point.

Heat Storage Since the availability of solar energy at any local spot is
somewhat unpredictable, particularly in the New York area,
provisions must be made either to store energy from the
sun or to provide alternative sources when solar energy is
not available.

Storage of energy requires that a reservoir of desired ca-
pacity exist. This reservoir may store energy in any of a
number of forms; however, heat is the simplest and most
common. The direct storage of heat requires a considerable
mass of the storage medium. varying according to the ther-
mal mass of the medium. For example, for water to store
the energy equivalent of burning one gallon of #6 oil, it
would be necessary to raise the temperature of one hundred
seventy-five gallons of water 100° F. To put it differ-
ently, a school which relies on a boiler with a 60 gallon
per hour burner would require a water storage tank of
10,000 gallons to store one hour's worth of heat at a
100° F water temperature differential.

Considering the difficulties presented by storage require-
ments, it seems desirable that where solar energy is to be
used, it be used as a supplemental energy source to reduce
fossil fuel demand. Methods of utilization will have to be
compatible with the prime source and must have a cost which
reflects the limited output.

Greenhouse Effect Most forms of solar collection are based on utilization of
the so-called greenhouse effect. This is due to the fact
that glass has a high transmission rate of short wave en-
ergy (solar radiation) and a high resistance to long wave
energy (heat). Thus, solar radiation is freely transmit-
ted through glass and strikes an absorbing body where it is
converted to heat. The hot body then radiates heat back
toward the glass. The long wave energy is contained, pre-
venting most of the reradiation from leaving the collector.
A transfer medium, usually either water or air, is used to
take the energy from the point of collection to the point
of use.

Several means for solar collection using complex

(71
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Solar Energy
technology are currently in existence. Focusing collectors
use reflectors or lenses to concentrate the sun's rays on
to the heat transfer medium. They have the advantage of
being able to achieve temperatures in excess of 1,000° F,
but they capture only the direct rays of the sun and must
be constantly aimed in order to achieve maximum efficiency.
Various forms of photo cells convert solar energy directly
into electrical energy. These cells have very low convec-
tion efficiencies at present. Both approaches are curr-
ently extremely expensive, and as such, will not be con-
sidered for this study. However, since this is a new area
of research and development, they should be borne in mind
for future application should the cost factors change.

Bio-Conversion Another area of solar collection is in bio-conversion.
This approach takes the natural process of photo-synthesis
to develop organic energy sources from solar radiation.
It is currently applicable primarily on either a very small
or very large scale, not on the level of an individual
school except that heat generating machines may at some
future time be fueled by organic substances such as alcohol
or methane rather than fossil fuels.

Collector Types This study will, therefore, examine three basic collector
types and several functions for which the energy can be
used:

1. Flat plate with water transfer medium
2. Flat plate with air transfer medium
3. Windows

Flat Plate The two flat plate collectors capture energy in the formCollectors of heat. Therefore, requirements must be found within the
school for heat energy. These are limited primarily to
space heating which is seasonal and domestic hot water
which is a year round requirement. In addition, absorp-
tion units can be used to convert heat energy into cooling
although at this time, the output temperatures from flat
plate collectors are marginal for use in absorption
machines.

Windows Windows capture solar radiation in the form of heat and of
light which eventually becomes heat. In this way, when
heat is desirable, the energy is in effect used twice.
Normally, however, the limitation in the use of windows
for solar capture is that the energy is limited to one
area of the building.

Flat Plate Water This device is basically one or more sheets of glass cover-Collector ing an insulated space backed with a radiation absorbing
surface and some means of passing water through or across
this surface to remove heat energy to be used at some re-
mote location. This is generally done by providing chan-
nels for water integrally with the back plate (either by
soldering tubing to the plate or, forming the plate with
integral internal routes)or,vermitting water to run across



d-5/4 the face of the back plate and collecting the heated water

Solar Energy in a reservoir at the bottom of the collector. Some more

complex collectors have been built with an assembly simi-

lar to an automobile radiator where water carrying tubes

pass through fins increasing the capability to absorb heat.

Temperatures in flat plate collectors may reach 350° F or

higher however, the effective output temperatures are con-

siderably lower with greatest efficiency occurring at the

lowest output temperatures. This is due to (1) increased flow

of heat energy into the transfer medium when the tempera-

ture differential between the collector and the medium is

greatest and (2) to the decreased flow between the system

and the ambient environment when the temperature differen-

tial is least. An output temperature of 140° F is a good

working figure that can achieve relatively high efficiency

(about 40%) with simple collectors.

HePt Pump Water at this temperature cannot be introduced into a con-

Supplement ventional hot water heating system. One method of utiliz-

ing it is to increase its temperature by means of a heat

pump. This methodof heating requires a large number of

complex components. In addition, due to the ratio of fuel

input to electrical output, the actual fuel requirement for

the system may, in fact, be higher than for the direct use

of fossil fuel.

Heat pump performance is described as the

amount of heat energy pumped versus the am-

ount of energy required to do the work of

pumping. An efficiency of 21/2 to 3 is common.

At an efficiency of 3, for example, for every
kwh (3,412 btu) consumed by pump, it would

create a temperature change that would per-

mit 10,236 btu to be taken from the low tem-
perature medium and delivered to another

medium at a usable high temperature. Curr-

ent electricity generating practices in this

area require about 13,650 btu/delivered kwh.
Therefore, extracting 10,236 btu from a solar

system utilizing a heat pump requires 13,650

btu input at the generating station (at this

point mostly fossil fuel) or an efficiency of

75%. This form of "solar heating" has, in
fact, a fossil fuel utilization rate not much

different from a well-run conventional heat-

ing plant. For these reasons, it seems an

unwise choice.

This low temperature water could also be used to preheat

domestic hot water from street main temperatures (about 50°

F to 100° F) prior to fossil fuel heating, to preheat incom-

.

ing ventilation air, or in radiant heating systems in floors

or ceilings.



Pre-heating of Domestic hot water appears to account for the use of about
Domestic Hot Water 10% of the fuel oil used annually in NYC schools or about

50 gallons of oil/msf/yr. If this is the case and half of
this could be saved by solar pre-heating, the potential for
saving 25 gallons of oil/msf/yr seems feasible. Assuming
a 200 day operating year, this would require the input of
an average of 10,875 btu/msf/day.

(251allons of oil/yr x 145,000 btu/gal x .60 efficiency)
200 days/yr

Using figure d-5/5 (Insolation on South-Fhcing Surfaces),
we find an average of 920 btu/sf/day falling on a 60 degree
tilted collector in December. If the collector were 40%
efficient, we could expect about 370 btu/sf/day output or
a requirement of 30 sf of collector to pre-heat the water
for 1,000 sf of building area. In this case, however, for
most of the year, the output of the collector would not be
used to full capacity.

If, instead, the system were designed to meet full demand
when insolation was 1,200 btu /sf /day (around April), at
40% the output would be 480 btu/sf/day. This would require
23 sf of collector/msf. Again, (figure d-5/5) this would
provide all the heat required for all months except Novem-
ber, December, January and February, in which months they
would provide 80%, 77%, 81% and 97% of the total require-
ment. The average capability, taking the other months at
100% would be 94.5% or, instead of saving about 25 gallons/
yr, the savings would be 23.6 gallons/yr. Thus, a reduc-
tion in collector area of 23% causes a reduction in effec-
tive output of only 6%.

At current prices, 23.6 gallons cost about $8.25. Current
manufactured collectors cost in the range of $10 to $15
per sf installed, or $230 to $345 for 23 sf. This makes
the installation of such a system on a purely economic
basis highly questionable. This is based on today's fuel
prices. Although it is difficult to predict price trends,
virtually all informed sources expect a minimum of a 10
percent per year escalation rate for the forseeable future
and some expect long term rates as high as 25 percent. If
the escalation rates are only 10 percent, the average cost
over a twenty year period for oil will be almost exactly
$1.00/gallon. If, at the time of construction the cost of
collectors is $10 per square foot, the factors under con-
sideration will be a $230 in.estment to achieve a $23.60
annual savings. If financing costs are 6 percent, the pay
back time will be about 16 years, at 7 percent it will be
about 18 years and at 8 percent it will be about 21 years.
As a study and testing device, a solar collector (20-25 sf
collector area per msf floor area) to pre-heat domestic hot
water seems to be a worthwhile installation. This item
would add an estimated $0.25/sf to the initial cost of the

d-5/5 building.



d-5/6 It should be noted that the possibility exists for defray-

Solar Energy .:.Dg all or part of the cost of solar installations through

subsidies for research in this area. This is especially

true of this project since it will be carefully instru-

mented and its performance monitored.

Passive Air There are a number of ways in which solar energy is used

Medium Collector passively. Many are unconsciously installed in conven-

tional building procedure. Windows capture light and heat

although in general, somewhat indiscriminately. The

simplest form of collector specifically designed to cap-

ture heat is the thermo-siphoning panel. This panel is

composed of a transparent cover plate, an air space, and a

solar radiation absorbing back plate with openings at the

top and bottom. Solar radiation heats the back plate,

which in turn heats the air in the air space. This air

rises and is discharged out of the top opening creating a

lower pressure in the air space. This in turn brings air

in through the bottom opening. As the heated air in the

room cools, it falls and is reintroduced into the panel in

a continuous operation. The basic panel has no moving

parts and will supplement any conventional heating system

whenever the temperature in the collector is greater than

the room temperature.

Thermo-Siphoning There are two basic problems with thermo-siphoning collec-

Efficiency tors. First, their efficiency is low compared to other

types. Around 20% of the solar energy falling on them is

delivered as heat. This is due to the relatively small
amount of thermal mass available for heat transfer repre-

sented by the air which is moved through the collector by

convection. The second problem is that when the tempera-

ture in the collector falls below that in the room, the

device works in reverse. This can be overcome by using

check dampers (figure d-5/2).

Thermo-siphoning collectors can, with relative ease, be in-

tegrated into building walls. In this case, the orientation

of the building has an obvious effect on the performance of

the system. The variation between south and southeast or
southwest exposures is about 1: 0.75 (figure d-5/7). Assume,

for example, a south exposure wall. The incident solar en-

ergy during the heating season is about 165,000 btu/sf (fig-

ure d-5/7). If a thermo-siphoning collector operates at 20%

efficiency, this provides 33,000 btu/sf/season. If the sys-

tem is totally passive, this will function even when the
school is unoccupied and will serve to reduce the start-up
heating loads after weekends and vacations. About 0.4 gallons

of oil would be consumed by a boiler to produce the amount of

heat that could be provided by one square foot of solar col-

lector during the heating season.

The design for a typical thermo-siphoning wall assembly is
included in this report (section d-3) along with evalua-
tions and recommendations.

)
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Windows as Solar

Collectors
This section will evaluate windows as solar collectors only
in terms of applications of solar radiation although the
use of open windows to augment base ventilation levels con-
stitutes an indirect use of solar energy (section d-9).

The prime drawback of windows is that glass has poor resis-
t:1(.12e to thermal conduction. As a result, during cold
weather, a substantial amount of heat is lost to the out-
side even though there is also considerable solar gain.
The trade-offs of the conducted loss versus the desirable
gains were made with the following results:

1. On a seasonal basis, single-glazed windows on south,
southeast and southwest exposures reduce overall heating
loads. Double-glazed windows on east and west exposures
also reduce heating load.

2. Solar lighting in itself will result in a reduction of
source fuel use on any exposure if provided by windows with
adequate thermal shutters.

*The term "thermal shutters" will be used to de-
scribe all devices that can be closed to reduce
heat transfer between inside and out, such as
louvers, dampers, rolladen, sliding panels and
insulating draperies.

3. The cooling load usually associated with soler heat gain
through glass during warm :seasons is no greater than the
load created by providing the same amount of light using
fluorescent fixtures.

4. Trade-offs between advantages and disadvantages of win-
dows in specific situations must be individually analyzed.
It is important in these analyses to recognize all of the
positive aspects of windows to the overall energy use picture.

Daily Heating The efficiency of a window as a heating solar collector can
Efficiency for be described as the ratio of the solar radiation transmitted
Single-Glazed by the glass to the interior less the heat lost by conduc-
Windows tion to the exterior divided by the total incident solar

radiation.

Daily R
=

R-td
24Upt

R
id

where E m Efficiency

Rta Transmitted solar radiation (daily)

Risai Incident solar radiation (daily)

U m "U" factor of window assembly

abtm Temperature differential

d-5/7 It is obvious that the efficiency will vary from day to
r
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Seasonal Heating
Efficiency for
Single-Glazed
Windows

day asght and Ridvary acco-ding to local weather conditions;

however, it is useful to look at a typical example to see

the general energy flow patterns. Average daily insolation

on a south-facing window in January is about 850 btu/sf

(figures d-5/5 and d-5/7). Assume an average At for a 24

hour period of 40° F, a transmittance for the glass of 90%

(single-glazed), and a U-factor of 1.15.

E = (2l2)1150) - 24 (1.15)(40)
850

E = -40%

This indicates that more heat is lost by conduction than is

gained from the sun.

This ratio is for a situation at the extreme end of the

heating season. The efficiency on a seasonal basis is

quite different.

Seasonal E = R
t

- 24 D U11 t
S

R
is

where Rts = Transmitted so]ar radiation (seasonal)

R
is

= Incident solar radiation (seasonal)

r = Days in heating season

Acts = Average seasonal temperature differential

Note: In a school with night shutdown, the average 41t will

be somewhat less than the differential between design in-

terior and average outside temperatures due to cooler

nighttime temperatures. On the basis of this and a 4,800

degree day season, takeAst to be 22° F.

Seasonal E = (0.9)(165,000) - 24 (182)(1.15)(22)
165,000

Seasonal E = 23% for south-facing window

Seasonal E = (0.9)(137,000) - 24 (182)(1.15 (22)
137,000

Seasonal E = 9% for southeast or southwest facing windows

Seasonal E = (0.9)(92,000) - 24 (182)(1.15)(22)
92,000

Seasonal E = -30% for east or west exposures

Two ways in which the efficiency of a window as a solar

collector can be improved are (1) double-glazing and (2)

thermal shutters. Both of these act to reduce the 1r)sa of

energy due to conduction. The following examples refer to



Daily Heating

Efficiency for
Double-Glazed
Windows

Daily Heating
Efficiency for
Windows with

Thermal Shutters

the original situation described whereat = 40° F.

Double-Glazing (South Exposure)

E = Rt - 24 (U)(t,t)

E = (0.80)(850)-24 (0.67)(40)
850

E = 4%

This, although small, indicates a positive net heat gain
even during a relatively extreme heating situation.

Thermal Shutters with Single- Glazing (South Exposure)
Since this device is not entirely passive, some basic
assumptions will have to be made regarding scheduling.

1. School operates 5 days/wk.

2. Shutters will be open from 9 AM to 5 PM when school is
in use.

3. Outside temperature will be 15 degrees warmer during
the time that shutters are open than when they are
closed.

Then:

E = Rt [5/7(110)(U0)Lt1 + 5/7(11c)(U ) 2+2/7(24 )(Uc)At3.]

Ri

where: Ho = Hours/day shutters open when school is in use.

He = Hours/day shutters closed when school is in use.

U0 = "U" facto' with the shutters open.

U
c = "U" factor with the shutters closed.

= Temperature differential for portion of day
with shutters open when school is in use.

At2 = Temperature differential for portion of day
with shutters closed when school is in use.

est
3
= Average temperature differential on days when

school is closed.

E = (0.9)(850) -;(8)(1.15)(33)+;(16)(0.1)(48)+1(24)(0.1)(40)]

850

E = 29%

Using the preceeding approaches, similar savings can be
realized for seasonal efficiencies. It should be pointed
out that these figures are relative and should not be

d-5/9 taken as design factors.
0,4

L



Solar Lighting

Electricity Savings
from Natural Light-
ing versus Heat
Loss from Glass

d-5/10

The use of windows As solar collectors for light is also

significant. If one assumes even the relatively low fig-
ure of 1.5 w/sf for energy required for lighting, the fol-
lowing situations occur.

A five foot high window with a sill three feet above the
floor can, under most daylight conditions, provide light
ten feet into a room. Thus, 5 sf of window area lights 10
sf of floor area for about 6 hours/day on the average. In

a 200- day operating year, 5 sf of glass provides the light
that would otherwise require

El
1

= (T) (D) (A
f

) (L)

where: El
1
= Electricity for lighting

T = Hours/day lights are used

D = Days/yr of school

A
f

= Floor area under construction

1 = Lighting load (w/sf)

E11 = (6) (200) (10) (1.5)

= 18,000 w/yr

= 18 kwh/yr Electricity Saved

The seasonal conducted heat losses (L) for 5 sf of glass
are:

For single and double glass

L = A
g
5/7(T

op
)(182)(U)1it

1
+ 5/7(T

sh
)(182)(U)At

2
+

2/7(24)(182)(U)41t3

Where Ag = Area of glass

T
op

= Hours of plant operati
in use.

T
sh

= Hours with plant shut
is in use.

At
1
= Daytime temperature di

At
2
= Nighttime temperature
plant is shut down.

on in days when school is

down on days when school

fferential
(68°F - 48°F = 20°F)

differential on days when
(53°F - 33°F = 20°F)

Get = Average temperature differential on days when
3

plant is shut down. (53°F - 40°F = 13°P)

Note: Assume interior temperature falls 15° F during plant
shutdown period.

1,11.(s-)
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For thermal shutters

L = A
g

[2(T
op

)(182)(U
o
)pt

1

Consider heating plant and
be coordinated:

+
7
(T
sh

)(182)(11
c
)ist

2
+

,(24)(182)(Un)At
shuttet operation Schedles to

Heat loss for single gls.ss

L = 5[7
7

(8)(182)(1.15)(20) + 2(16)182)(1.15)(20) +

7

2
-(214)(182)(1.15)(13]

L = 452,000 btu/yr

Heat loss for double glass

L = 5[2(8)(182)(.67)(20) + 2(16)(182)(.67)(20) +
7 7

(24)(182)(.67)(l3)
7

L = 263,000 btu/yr

Heat loss for thermal shutters with single glass

L
5[1(8)(182)(1.15X20) + 1(16)(182)(0.1)(20) +
7 7

(214)(182)(o.1)(3.33]
7

L = 148,000 btu/yr

Energy input required to make up heat losses if these
losses are made up by a system with 60% efficiency:

753,000 btu for single glass

438,000 btu for double glass

247,000 btu for thermal shutters

An opaque wall with a U-factor of 0.1 would have a seasonal
heat loss of about 36,000 btu for the same 5 square feet
which would require an added input of 60,000 btu. The
added heat loss during the winter season resulting from the
use of natural lighting is:

693,000 btu for single glass

378,000 btu for double glass

187,000 btu for thermal shutters
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Undesirakke Heat
Wain fffirm Solar

Raditthron Uted for
Lighting

Summary of
Findings

These figures can be compared with the energy required to

generate the required lighting: 246.000 btu to generate
18 kwh (local heat rate of 12,400 btu/kwh 10% transmis-

sion loss).

When the other positive energy characteristics of windows
are also taken into account, the net result is to reduce

the total source fuel by the selective use of windows.

About 25 percent of the energy in solar radiation striking
the earth's surface falls within the visible spectrum. If

the entire solar spectrum is introduced into an environ-
ment to provide lighting, the heat gain for any light level
will be the same as for a system which, within the space,
is 25 percent efficient. A fluorescent light fixture is
about 22 percent efficient in converting electric energy
into visible light, so for any given light level, the heat
gain characteristics of solar and fluorescent fixtures will
be about the same. If a filter is provided which permits

the passage only of the visible spectrum and absorbs the
remaining radiant energy, the resulting heat can be channel-
ed to areas where it is needed or discharged to the outside.

On the basis of the preceeding data, we recommend that the
following direct applications of solar energy be utilized

in the prototype building:

1. Provide a flat plate water solar collector supplying
a heat exchanger to preheat domestic hot water. Careful

metering of this system will provide data to permit more
accurate evaluation of solar energy systems in the New

York City area.

2. Provide passive thermo-siphoning wall panels (may be
installed selectively for comparison and evaluation) for
heating as described in 'Building Skin' (section d-3).

In addition, the entire building must be carefully evalua
ted as a solar collector.
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FIGURE d-5/l:
SOLAR PRE-HEATER
FOR DOMESTIC HOT
WATER (FLAT PLATE,
WATER-MEDIUM
COLLECTOR)

SOLAR HEATED MEDIUM
(WATER ANTIFREEZE)

to-P

sov-

MEDIUM RETURNING
TO SOLAR COLLECTOR

PUMP

INCOMING
MAIN WATER

CONVENTIONAL.
HEATER

O

NOTE: AOUMTAT
CONTROLS PUMP SO
THAT SOLAR HEATED
MEDIUM CIRCULATES
ONLY WHEN TEMP.
WILL PERMIT HEAT
TRANSFER TO
INCOMING MAIN
WATER.

PRE-HEATER FOSSIL FUEL INPUT

Pa.1

(1-:4
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FIGURE d-5/2:
SOLAR SPACE HEATER
(eLAT PLATE, AIR-
MEDIUM, THERMO-SIPH-
ONING COLLECTOR)

1

2

4

3

1

1. AIR IN COLLECTOR IS WARMED BY
CONTACT WITH SOLAR HEATED PLATE.
WARM AIR RISES AND FLOWS INTO
ROOM, DRAWING COOLER AIR FROM
BELOW.

2. WHEN NO SOLAR RADIATION IS
AVAILABLE, AIR IN COLLECTOR IS
COOLED BY CONDUCTION THROUGH
GLASS TO COOLER OUTSIDE AIR. THIS
CAUSES AIR IN COLLECTOR TO DROP,
RESULTING IN A REVERSE AIR FLOW,
INTRODUCING COLD AIR INTO THE
ROOM.

3. TO PREVENT REVERSE AIR FLOW.
CHECK DAMPERS CAN BE PROVIDED
WHICH 'PERMIT AIR CIRCULATION ONLY
DURING SOLAR INPUT.



INSOLATION
QUANTITIES

Weather and
Collector
Performance

Types of Weather
Data
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Study prepared for this report by Total Environmental Act-
ion (TEA)

The two most important factc's in analyzing the performance
of collectors as a function of weather, are temperature (in
most cases using degree days) and solar radiation (measured
in btu's per square foot per time period). When working
with and designing with natural energy systems, it is im-
portant to realize that since weather conditions vary
greatly from hour to hour and day to day, monthly and yearly,
a system designed for averages may not perform according to
expectations when the system is used during a period of non-
average conditions. In addition, solar data are very diffi-
cult to obtain, both because of the imprecise instruments
which have been used for the last 20 or 30 years to measure
solar radiation, and also because of the rather small number
of weather stations (approximately 75 in the United States)
which measure solar radiation (as with temperature, this
varies greatly from one location to another although the
distances may be small between those locations). Because of
the unpredictable availability of solar energy, the use of
the sun's energy must be looked upon, with today's design
parameters, as a bonus or supplement to other sources of
energy. It is possible that, in the future the wide fluctu-
ations in solar energy may be more easily dealt with through
the use of very long-term storage systems.

Precise calculations of solar weather are less important
than is usually assumed since variations in solar radiation
of say 10% change overall efficiency of a solar system as
little as 3% out of a total overall efficiency of 40%. In
addition, the collectors will not always be running when
the sun is shining for a number of reasons, not the least
of which is that there are times when the sun is shining and
heat is simply not needed. Other times are during early
morning and late evening when the sun's intensity is not
great enough to be collected and when the angle of the sun's
rays to the collectors is so low most of the sun is re-
flected off of the panel. Yet other times are during partly
sunny periods when clouds break only for short times.
During the course of a six-month heating season, approxi..
mately 25% of the total solar radiation which hits the
collector will hit it when the system is not in operation.

Finding and using weather data for solar energy utilization
design is not an easy task. There are several types of
data available, but none are directly suited to needs of
solar heat design, and there are no easy methods to convert
the data to more useable forms. We have compiled data from
several different sources, and have done some of our own
computations to derive further data. These data are listed
in figures d5/3, d-5/4, d-5/5, d-5/7. This
discussion deals with the meaning and usefulness of these
various data types.
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Probably the most accessible data are the ASHRAE Solar Heat
Gain Factors (SHGF), taken from their Handbook of Fundamene.

tats. These factors are based on theoretical calculations
of radiation, and are designed primarily for the sizing of
cooling equipment; they are not as useable as it might first
appear. SHGF's assume: (1) a typical cloudles8 day on the
21st of the month (conversion must be made for higher or
lower clearness locations such as high altitude or Indust.-
rial atmospheres) and (2) transmission of heat through a
single pane of double strength glass (with a particular
specified transmittance, reflectance, and absorptance).
SHGF's take into account for any particular orientation,
direct solar radiation, diffuse sky radiation, solar angle,
and ground reflectivity. ASHRAE uses them to determine
time and magnitude of maximum heat gain for computing
maximum cooling load in buildings. This necessitates pick-
ing the maximum hour. Used in this way, SHGF's are invalu-
able. They can also give a useful value for whole day solar
heat gain on any given latitude, month, and orientation.
Beyond that, however, their usefulness is limited. For
example, there is no accurate way to take the SHGF for a
day and convert it into a monthly or yearly heat gain.
Times and amounts of cloudiness are much too variable for
this to be done with any confidence. Other data must be
used in predicting longer term expectations from the sun.

The most accessible data from the Weather Bureau, in terms
of number of stations taking readings over long time periods,
is sunshine and cloudiness data. For stations recording
sunshine, a machine records minutes during the day when
there is enough sunshine to essentially cast 4 0144* T#4.0

is recorded as hours of sOnshihe and percent of possible
sunshine. Cloudiness is recorded hourly, from sunrise to
sunset, in tenths of the sky covered. These readings are

averaged to give an overall cloudiness figure. Both sun-

shine and cloudiness data are of limited useability in
determining solar insolation over time because the rate of
insolation is so variable, depending on time of day.
Neither sunshine nor cloudiness data say anything about
distribution during the day, so estimates based on them
will at best be approximate, and at worst totally misleading.

The most useable form of data, speaking on a strictly
relative scale, is solar radiation data from the weather
bureau. They have long-term reports of radiation on a
horizontal surface measured in Langleys (cal. cm.-2).
The number of stations recording this data is limited to
about 75 (only 40 stations appear in some of the long-term
summaries), and there are many problems of calibration and
accuracy, so many that the weather bureau stopped publish-
ing radiation data summaries in 1972. The data does, how-
ever, provide the only hard information on what actually
gets through the atmosphere in useable f5rm, and the long-
term means are probably the most accurate indications of
how much energy is available in recording locations under
average conditions (which may not necessarily be common
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Insolation on
various surfaces

conditions).

For solar radiation data to be useable for solar heating
calculations, it must be converted from the horizontal
(where the data was recorded), to the azimuth and tilt of
the intended collection surface. The recorded data is a
combination of direct solar radiation and diffuse sky
radiation. It is a simple matter of trigonometry to con-
vert the direct radiation into the component striking a
surface at any given angle relative to the sin. This
calculation depends on latitude, solar altitude and azimuth,
collector orientation and tilt. The real problem is to
separate out the diffuse radiation, which comes from the
entire sky. The diffuse component ranges anywhere from
10% to 25% of the total, so it cannot be ignored.

Another factor that must be -dealt with in these calculations
is the energy reflected up from the ground and from build-
ings. Obviously, the steeper the tilt, the more significant
this factor. Likewise, ground reflectance can vary consider-
ably, from vegetation to white snow.

It is clear then that solar radiation data for heating
design depends heavily on consideration of compass orienta-
tion, surface tilt, the ratio of diffuse to direct radia-
tion, ground reflection, and how these all vary with time.
It will also be obvious that the conclusions are still

approximate due to inaccuracy of the data and variability
ofmany factors. There are several methods of dealing with
these factors, some more complicated than others. What
follows is a somewhat simplified method which we feel gives
reasonable accuracy within the limits of general discussion
for New York City.

The basis of our computations for actual solar Insolation
was Weather Bureau data on mean daily solar radiation on a
horizontal surface for each month:

MONTHLY AVERAGE DAILY TOTAL RADIATION ON A HORIZONTAL SURFACE
btt/daykt2 New York, New York Lat. 40°461N.

JAN FEB MAR APR MAY JUN JUL AUG SE? OCT NOV DEC

540 791 1180 1426 1738 1994 1939 1606 1350 978 598 476

Source, LIU & JORDAN (see page d-5/19)

Data is recorded in Central Park which is probably reason-
ably representative for the entire city. Areas of clearer
air would get better values, and heaMrily polluted or foggy
areas less. There is, however, no actual data with which
to make meaningful adjustments.

These data differ from the theoretical, clear data which are
the basis for solar heat gain factors (SHGV4 in ASHPAE.

'Ai/ ck

/ 9



d-5/18 Our analysis takes into account, by averaging actual read-
Solar Energy ings over time such factors as cloudiness, air pollution,

and haze. Though this is a generalized consideration, it
provides a much better basis for making longer term computa-
tions than is possible with the SHGF's.

The first step in computation for vertical walls at various
orientations was to separate out the diffuse component of
the total radiation received. Our source for this* provides
curves for the ratio of total and diffuse radiation for
times on either side of solar noon (plus & minus91/2 hour,
11/2 hours, 21/2 hours, 31/2 hours, 41/2 hours, 511 hours, and 61/2

hours). We calculated for the 16th day of each month (15th in
Feb.) as a more representative day than the 21st day used
by ASHRAE. We were able, by this means, to account for the
changing length of days and, in a general way, for the sky
conditions that create the diffuse component. This is at
best an approximation, but is a reasonable one since it is
considered valid for any location and is close to actual
conditions. The diffuse component is a small part of the
total, so a reasonably close approximation such as this
won't seriously affect the overall accuracy.

The diffuse component is subtracted from the total to get
the direct component on an hourly basis. By trigonometry,
which takes into account the hour, angle, latitUde, solar
altitude, and solar azimuth, along with the tilt and orien-
tation of the surface in question, we were able! to arrive
at the hourly values for direct solar insolaticin on various
surfaces throughout the day. The diffuse component was
treated as if sky radiation was uniform across the sky.
For vertical walls, then, one-half of the sky 'is "visible"
to the wall. Likewise, reflected radiation wqs treated as
uniform from all directions. If half of the possible

ground is assumed to be "visible," and the ground has 'a
reflectivity of 0.2 (average value), one tenth of the total
radiation is reflected on the wall.

These values for diffuse and reflected energy were added to
the adjusted direct component values to give hourly values
for various months and orientations. A simple summation
for the day gives the expected average gain on vertical
surfaces. These values were then plotted.

Computation for variously tilted, south-facing collectors
was somewhat different. Using well-established ratios of
diffuse to daily total radiation, based on the ratio of
measured radiation to extra terrestrial radiation*, we were
able to determine the direct component of the mean daily
radiation. Through trigonometric conversion, which took
into account the changing sun angle throughout the day and
the collector tilt, we adjusted the direct component for
variously tilted south-facing surfaces.

The diffuse component for the day was adjusted for the

r)o
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Compiled Weather
Data

reduced portion of the sky that the tilted surface could
II

see.
It

The reflected component was likewise adjusted for
the reduced portion of the ground affecting the collector.
These were added to the adjusted direct component, giving
mean daily insolation on the collector surfaces in question.
The plots and tables of these data are the figures d-5/5

and d-5/6 of this section.

All of these values may, with reasonable confidence, be
multiplied by the number of days in a given month to obtain
a mean expectable solar insolation on the surface in ques-
tion. Actual energy received can vary considerably, due
to the extreme inconsistency of the weather not only day
to day, but year to year. In any case, our computations
yield data much more useable for solar energy collection
analysis than the SHGF's.

The following sources have been used in the preparation of
the tables which are included in this report:

1. Hourly solar radiation data for every hour of every day
for the Central Park Station in New York City from Decem-
ber 1968, through November, 1973. The data is given in
Langleys of radiation on a horizontal surface and includes
both direct and diffuse radiation. No totals of any kind
are included, either daily or monthly.

2. A paper called SUNSHINE AND CLOUDINESS AT SELECTED
STATIONS IN THE UNITED STATES, ALASKA, HAWAII & PUERTO RICO
which gives sunshine and cloudiness data for about 40
stations including New York City. Included for New York is
a 54-year average of the number of hours, and the percentage
of possible sunshine. It gives this information for each
month of the year and an annual total. It also gives average
cloudiness in numbers ranging from 0-10, for all the
stations, and for New York City for 57 years previous to
1948. Averages are by month and include an annual average.
Also for the 40 stations, including an average over 77 years
in New York City previous to 1948, it gives the average
number of clear, partly cloudy and cloudy days for each
month of the year and an annual total.

3. CLIMATOLOGICAL DATA NATIONAL SUMMARY for January and
July, 1971 and 1972. These are available for all months
of the year, and contain: (a) Percentage of possible sun-
shine, showing the amounts of sunshine received in terms of

*Data are based on "Availability of Solar Energy for Flat-
Plate Solar Heat Collectors", by Benjamin Y. H. Liu and
Richard C. Jordan, in Low Tem erature En ineerin A lica-
tion of Solar Energy, by ASHRAE, New York, New York 19 7
Our computations are somewhat simplified for their methods.



d-5/20 percentage of the total hours of sunshine possible during

Solar Energy the month, shown in tabular form for stations and also as
a national map; (b) the percentage of mean monthly sunshine
showing a percentage of the mean number of-hours of sunshine
received, shown as a national map. Means are computed for
the National Weather Service Stations having at least 10
years of record; (c) average daily values of solar radiation
in Langleys showing monthly averages of daily total solar
radiation both direct and diffuse in Langleys (cal. cm72)
for, all national weather service and selected cooperative
stations which record these data shown as a national map.
The analyses include adjustments required to bring station
records to approximately the same level of calibration;
(d) percentage of mean daily solar radiation showing the
percentages of the mean based on at least five years of
record during the period 1950-1960 and corrected to the
International Pyrheliometer Scale of 1956, shown as a
national map; (e) total radiation on a horizontal surface
for each day of the given month, recorded at over 70 sta-
tions; (f) heating degree days for the month, and the cumu-
lative total from the previous July.

4. Microfilm summaries for the period 1952 to 1965 compris-
ing a chronological listing for cloudless days of total
radiation on a horizontal surface in Langleys and percent
of extra-terrestrial radiation reaching that surface. The
microfilm also includes, by class intervals of Langleys,
the frequency distribution of Langleys for all stations by
month. New York City is one of the 23 stations. This tells
how many days recorded a total radiation within any given
interval of Langleys during a particular month.

5. Heating Degree Days for each month and the entire year
of July 1972 to June 1973 in New York City. Also, the
monthly and annual means of degree days, as averaged over
many years.

6. Weekly Mean Values of Daily Total Solar and Sky Radia-

tion in Langleys on a horizontal surface. Due to the 24-
year period of record, the curve for New York City has
averaged out to a smooth curve, cancelling out any irregul-
arities that may have occurred in a particular year.

7. Tabular listing of mean monthly values for: total

daily radiation on a horizontal surface (btu/day/sf);
fraction of extrarterrestrial radiation transmitted through
the atmosphere; ambient daytime temperature (as opposed to
the 24-hour average temperature).

I

8. SOLAR HEAT GAIN FACTORS - Whole day totals for vertical
surfaces at 16 different compass orientations and horizontal
values account for direct and sky radiation, ground reflect-
ance, and transmission losses through one layer of double
strength glass. Units are btu/sf). Based on theoretical
values for average cloudless days, taken from ASHRAE
Handbook of Fundamentals.
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9. COMPUTED SOLAR INSOLATION - Hourly and whole day to-
tals for vertical surfaces at 8 compass'orientations and
horizontal. Based on actual Weather Bureau means for solar
radiation in New York City. Units in btu /ft2.

10. COMPUTED DAILY SOLAR INSOLATION - On south-facing sur-
faces at various tilts from the horizontal. Based on ac-
tual Weather Bureau mewls for solar radiation in New York
City. Units in btu/ft`.
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So1ar Energy

FIGURE d-5/6:
MEAN DAILY SOLAR
ENERGY IN
NEW YORK CITY
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Solar Energy

FIGURE d-5/8:
MEAN
DAILY SOLAR ENEMY
ON VERTICAL WALLS
IN NEW YORK CITY

1200

/0.......... A* ".
1000 /.... \ w%/ .

% I/ ss.,.e, % a it*. ft ...... 1 1 /9
j4f. % 'V. 40\ %

% \ / I
St, \i""/ _,....,/ I

/ ../ ,--..., ''........L...--- r
1

1
1

1
\ "Ili Owe4116. \

)t' I W\ s 4"'t % /i /'.... I' ,.., \
\ \\ / 0 /
I / / / %

.11.001 I / 4,.....
I N /

I /
% 5V/ / "I,

III
ii /' %.\ ft

.
% / NE)/NW I5.. .

% W.'
/ .% % P\

lo I/ N% s / /
S. . /1400 s 1. N

.
eV

i 1,IP. \ . / /. , . g... . I% \ IN i //
%%0

%
I% se.

..1

.200 %, .1:// 00"
`tt7:0#

COON
WALL
FACES

soo

$00

SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

89



6 LIGHTING

prototypical
proposals

a) Provide adequate light levels for all tasks (see follow-
ing summary of recommended light levels)

b) Avoid excessive light levels

c) Permit selective increase of light levels

d) Permit lighting to respond to varying educational formats

e) Avoid artificial lighting when natural light is available

f) Avoid providing artifical lighting to unused areas or
spaces

g) Provide an upper limit to the power consumed by lighting
systems

School Lighting The sub-reports document inconsistencies in classroom light-
Observations 'ing, making it imperative that fundamental light require-

ments, light levels, light delivery systems and light sys-
tem control methods be reexamined. We refer as background
to the following.

1. Light level requirements have varied sharply and
continue to do so, from code to code, from one year to the
next and from country to country (sub-report h-2).

2. Actual light delivery to classrooms varies sharply
from designed light levels, with light levels in soma cases
being appreciably higher, in damn, appreciably lower, often
in the same classroom (sub-report g-1).

3. An analysis of what takes place in the classroom in
teaching-learning patterns points to the fact that hardly
ant classroom activities follow the typical classroom task
on which general light levels have been determined, and
the largest part of classroom activities requires consid-

d-6/1 ably less general light than is called for (sub-report i).
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Lighting

MEANS OF PROVIDING
AND CONTROLLING
ARTIFICIAL
LIGHTING

Lighting the
Instructional,

Space

Summary of
Recommended
Light Levels

4. There is no correlation between higher light levels
and more success in learning.

With these observations recorded, it became clear that
other lighting potentialities and patterns should be exam-
ined, based on the criteria for learning previously re-
corded, and considering the statistic that about 65% of
electrical usage results from lighting in the school.

While it is felt that natural light should be used more
widely and more effectively in schools, it is evident that
artifical light will be required to supplement solar illum-

'ination if conditions a) and e) are to be met. This por-

tion of the report deals primarily with the means of pro-
viding and controlling artifical lighting. The utilization

of natural light is discussed in 'Solar Engergy' (section
d-5) and 'Building Skin' (section d-3).

The most typical lighting situation in a school is that of

the instructional space. Several possible solutions indi-
cate a general approach to classroom lighting intended to
conserve energy and, at the same time, provide an environ-
ment which is more responsive to the varying activities
which may take place. The prilary aspects of this approach
are flexibility, responsiveness and ability to deliver
light, where it is needed. There are certain areas in a
room which can be assumed to have unique lighting require-
ments such as chalk and display boards and areas affected
by natural light. There are also pieces of equipment and
furniture such as sewing machines and reading carrels which
have their special demands and solutions to lighting which
are selfcontained, although not limited to any specific
location within a room. There is, however, a large amount
of activity which takes place away from these specific
areas or objects and it may include lighting.demands cover-
ing a wide range both of intensity and local positioning.
As documented in 'Educational Tasks and Environmental Con-
ditions' (sub-report i) 251 school tasks were identified,
indicating the need for a flexible lighting system. The

light levels assigned to the various tasks are summarized
below.

Ambient Light__ Level One (5-15 fc): Artificial illum-

ination to provide sufficient light Or general
safety as well as sufficient ambient light for audio-
visual presentations and non - visual tasks. Activ-

ities in this light range:

(a) Lectures and discussions (with additional light
directed to teaching station, to chalkboard, to
display when required)

(b) Audio-visual presentations

(c) Assembiir (with additional light when required)
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Lighti-g

(d) Cafeteria/dining (with additional light when
used for other purposes)

(e) Corridors and stairs (with light concentrated
at entry and egress)

(f) Shower and locker rooms

(g) Storage rooms

(h) Boiler and fan rooms (with additional light as
required at equipment)

Ambient Light Level Two (15-30 fc): Artificial il-
lumination for general use, adequate for reading
and writing, but supplemented by additional task
lighting where necessary. Activities in this
light range:

(a) Teaching spaces for general purposes, including
reading and writing tasks (with additional light
directed to chalkboard, to display, when re-
quired)

(b) Library - general reading area (with additional
light at tables and carrels when required)

(c) Gymnasium (with additional light for exhibitions/
matches when required)

(d) Staff offices (with additional light at desks)

( ) Maintenance and Repair Shops (with additional
light at machinery)

Ambient Light Level Three (0 -50 fc) : Artificial il-
lumination for more precise tasks such as reading
fine print, painting, model Jking, sewing, drafting.
Additional lighting is indicated for most of these
tasks. Activities in this light range:

(a) Library - audio-visual preparation area, record
inspection, micro-files (with additional light
within carrels, at desks and at equipment,
where necessary)

(b) Art rooms for paintings, sculpture, arts and
crafts (with additional task lighting where
necessary)

(c) Drafting rooms (with additional light directly
at drafting table)

(d) Shops (with additional light at machinery and
equipment)
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FOUR SYSTEMS
FOR LIGHTING
FLEXIBILITY

1. Refinement of
Switching
Patterns

FIGURE d-6/1:
FIXED
FIXTURE POSITION
WITH GRADUATED
LIGHT LEVELS

(e) Home Economics rooms (with additional light
at kitchen equipment, at sewing machines)

(f) Typing rooms (with additional light at desks)

There are four basic ways that flexibility can be achieved.
The following examples are intended to be illustrative

rather than definitive. They are based on typical. New
York City classroom units of 750 sf with windows along one
wall and chalk or display surfaces on the front and rear
walls. The basic approaches to lighting indicated here can
easily be modified to conform to other applications includ-
ing larger, specialized classrooms or "open classrooms."

Increase control options by refinement of switching pat-

terns. This approach is basically upgrading conventional
control patterns either by the addition of circuits per-
mitting separate control of smaller areas of lighting or
by using fixtures and controls which permit intermediate
levels of output (multi-level or dimmed). In this system,

the degree of flexibility is limited by the initial in-
stallation, that is, the arrangement of switching and fix-
ture patterns is determined at the time of installation
and is not easily altered afterwards.

Example A - Provide directed lighting on wall sur-
faces at front and rear of room for chalk and dis-
play surfaces (possibly single tube fluorescent fix-
tures with reflectors or low wattage high pressure
sodium fixtures) and general illumination in center
of room (conventional fluorescent fixtures with
prismatic lenses). Switch each of the wall surface
lighting groups independently and the general illum-
ination fixtures with three circuits as indicated on
the diagram:

sc Au 10404 "

The system provides three basic types of lighting,

that is, vertical surface illumination, general
illumination for the interior on of the room, and
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FIGURE d-6/2:
FIXED
FIXTURE POSITION
WITH DIMMERS

supplementary general illumination for the zone
where natural light is generally available. The in-
terior zone is multi-leveled with circuit 5 provid-
ing a graduated increase in lighting as the distance.
from the windows increases.

Example B - A variation on this first system is one
which the control function is carried out by dim-
ing devices rather than by on-off switches. In this
situation, however, the switching pattern is slight-
ly different:

halltbOeird

3

Waco
111.MAIMIMMIIMEMIll SCALE 0 2 4 s T

2. Adjustable The second basic degree of flexibility comes through the"
Fixture use of adjustable fixture positions. This can be either
Positions some form of conventional light track or a series of out-r,

lets and clip-on fixtures. In this case, as in the previous
one, the control functions are fixed at the time of initial
installation.

) FIGURE d-6/3:
TRACKS WITH
INDIVIDUAL DIMMERS

Example C - Provide five light tracks with indi-
vidual dimmer control as indicated:

thelANWA
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d-6/6 With this arrangement, lighting can be arranged in response

Lighting to the unique requirements of each wall surace, as well as

to variations within the central area.

FIGURE d -6/14:

GRID WITH FIXTURE

TYPE OPTIONS

Example D - Provide a grid of outlets in the ceiling
with provisions for attaching clip-on fixtures. This

can be accomplished with a pipe grid serving both au

conduit and mounting support:

04031toord
1 1 1

4 5 6 5

IDD..,.-
4
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5

5

6
1

6

5

2....-..-,......--.....i.

I

2

.

2

UMEMMElea Y 6°N"

3

0 2 4 rtSCALE WI

The advantage of this system as opposed to a track
system is that any selfcontaihed fixture that can
be hung and plugged into a conventional outlet, can
be utilized permitting great freedom in future fix-
ture selection.

3. Switch at Placement of the switch at the fixture rather than at a
Fixture remote location on tke wall offers the possibility of in-

dividual control without increasing the amount of wiring,
in fact, in many cases reducing it. The problem becomes
one of operating the switches. One solution is a simple
mechanical extension, such as a pull chain, to operate each
switch within the context of a typical instructional space.
Since this method is apt to present considerable problems
an alternative method of mechanical or electronic relays
ought to be considered. These relays may be activated by
electrical signals which are carried on wires, or by light
or sonic signals which are air-borne and sent directly to
the relay's receiver. The advantage., of this second method

is that there i3 no limiting wiring pattern. The disadvan-

tage is that a control de-vide must be provided. A wired
system with a tUniber of channels can provide a series of
options which can be varied as needs change. This wired

system may utilize 1rdividual channels which can be selec-
ted at the fixture or a single path with multiplexed sig-
nals discussed in 'Controls' (section d-11). The basic

. 9s



11-6 7
Lighting

FIGURE d-6/5:
LOW VOLTAGE
LIGHTING CONTROL
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4. Adjustable
Fixture Position
and Switching
Pattern

FIGURE d-6/6:
CIRCUIT
SELECTING PLUG

control pattern in a six-channel "hard wired" system is

diagrammed in figure d-6/5. The arrangement of fixtures

shown in 'Example A' coupled with this switching system

would yield the following:

Example E - Provide fixtures as indicated in 'Exam-
ple A' except that switching will be accomplished by
relays at each fixture control by a six-channel sig-
nal system. Fixtures can be adjusted to respond to
signals on any one of the six channels. The advan-
tage of a system like this is that if a teacher or
student wants to utilize the lighting to augment
some aspect of the teaching situation which was not
anticipated at the time of design it is pOssible to
do this simply by changing settings on the fixtures.
There is no need to.alter any of the built-in equip-
ment. With this system it would be possible to split
the lighting on the chalkboard onto two separate
circuits, so that a lecturer could draw attention 'to
one area or the other as a class progressed.

Final degree of flexibility can be achieved by a system
of adjustable fixture position and switching pattern. This
could be achieved utilizing either track or clip-on light-
ing with a second plug to tie into a control circuit. In

the case of the multi-wire system, this could either be an
eight-pin coded plug or a two-prong plug going into a re=
ceptacle with one center and six perimeter holes, the cen-
ter hole being coaxial and containing the on and off leads
and the six outer holes being the means for tying into
the one of six circuits desired.

With this approach, the arrangement of fixtures and pat-
terns of control could be varied widely as the requirements
changed. This is of particular importance in a situation
such as an open classroom where there is a large area with
few fixed components and where the use of space may change
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Education

Establishment of
Clear Cause and
Effect Relation-
ships

Automation

considerably from week to week.

Promoting Operation of Energy ConServing Options: The
availability of lower energy options will not in itself en-
sure the use of these options. Several techniques may be
used to further this end:

There are a number of obvious means for educatingLoccu-
pants to the use and importance of energy saving features of
a space. The first is by permanently installed plaques at
the controls describing exactly what each control does and
the energy implications of operating that control. Second
is an operation manual which would be given to both teachers
and students and which might become part of a larger educe.-
tional program relating .to environmental and resouroeevalu-
ation. A third possibility is the creation of a short film
which could be shown at an assembly at the beginning of each
school year. A fourth approach is the encouragement of vari-
ous student activities in which light use is also tied into
an appreciation of the visual. quality of space. The stu-
dents can, for example, assume the role of stage lighting
crews to keep a room's lighting related to the changing
teaching and learning situations.

The typical switch arrangement obServed in existing
schools is that when two circuits do exist for classroom
lighting, the switches are ganged together at a single
cover plate. With this arrangements the tendency observed
is to operate both switches together often with a single
hand motion without considering the option of only using
only half the lights even when that mould be more than
adequate. In order to reduce this problem, locate switches
near the fixtures they control. This will serve the
double role of preventing the simultaneous operation of
switches and also point out the function that operation of
specific switches serves.

There are two serious areas of concern regarding the use
of automated controls for building environmental functions.
First, in order to provide automation there is a tendency
to simplify areas of control which in turn reduces respon-
siveness to local conditions. Second, large scale auto-
mation can create a feeling of helplessness in the occu-
pants regarding their ability to control their own environ-
ment.

With these things in mind, school classrooms seem ideally
suited to two types of automatic light control. One is the
use of photo-sensitive cells restricting the operation of
fixtures near window areas. The other is programmed shut=
down of all but emergency classroom lighting at the end of
each class period.

The photo cell control can operate in either of two ways.
If the control is by means of dimmers, the artificial levels
can be gradually and ontilAir modulated as natural light
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levels vary. If the control is by on-off switch, the photo

cell can activate a positive lock-out which would take ef-

fect at the end of each period. In this way, students

would not be distracted by having lights go out during
classes, but if the light levels had increased while one
class was in progress, the lights would remain off during
the next period. If, during that next period, the outside
light level were to drop again, the over-ride restriction
would be removed. However, the lights would not turn on

until someone activated a switch. An automatic shutdown

at the end of each period operating through a low voltage
switching system like that diagrammed in figure d-6/5 would
have two substantial benefits. First, it would prevent
lights from being left on if the classrooth were not in use

for the subsequent period. Second, since it operates by

throwing each relayed switch to the off position when the
room is next used it is necessary to reactivate each cir-
cuit individually. Thus, if one class requires a very high
light level and the next class a low level, the tendency
of using the higher level for both due to the previous set-
ting will be avoided.

POTENTIAL SAVINGS It is difficult to.predict exact savings that will be

IN CLASSROOM achieved In a system that relies at least in part on human_

LIGHTING participation with the system. Observations in a number of
schools indicate that even with a minimum number of options,

systems behave quite differently from predictions. Several

assumptions may, however, prove valuable in anticipating
the magnitude of the effect of installing any of the systems

discussed.

1. Total load for lighting in typical 750 sf classroom as
designed today (including tubes and ballast) 1400 to

1700 watts.

2. Typical operating pattern
a) All light on whenever room is occupied.

b) Room is occupied by teacher alone or teacher with one
or two pupils typically about one-half period per

day, average.

c) The average classroom is vacant about lh periods per

day.

d) Lights are left on in vacant classrooms about 50% of
the time.

e) In classrooms where the perimeter lights are separate-
ly switched, they are almost invariably turnedon
whenever the room is in use. NOTE: An exception to
this was observed in a high school in which the cus-
todian had overridden the local controls and rendered**
perimeter lights inoperative. At about 11:00 AM in

mid-December with a heavy overcast (intermittent
snowsf)ries of rooms with southeast exposures

90
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were observed. With shades partially drawn, light
levels on desk tops ranged from 65 footcandles on
those closest to the windows (where lights were in-
operative) to 8 footcandles farthest from the win-
dows. The significant factor in this observation
is that even with dense clouds, natural light was
still sufficient to illuminate about one-third of
each classroom observed.

Classroom f) Schedules vary somewhat from school to school, how-
Lighting ever, the following could be taken as represents,-
Schedule tive.

15 minute morning homeroom
eight/45 minute periods (40 minutes of class,
5 minutes between classes)
15 minute afternoon homeroom

This excludes for the time being any after-school use. The

following quantities should be taken as typical averages.
The classroom is.in use 61/2 hours (390 minutes) per day for
regular school use.

Breaks between classes account for 45 minutes per day. By

automatically shutting off lighting A minutes after the
end of one class and assuming that the present pattern of
keeping the students outside the room until about one min-

. ute before the next period, a total of 22 1/2 minutes per day
of minimum emergency light level could be obtained. Assume
this becomes 18 minutes due to some earlier start-up than
predicted. In a 180-day year at a load reduction of 1400
watts this yields a savings of about 75 kwh/yr/classroom.

For 20 minutes per day the classroom is used by one to four
people. The use of only the required lighting would reduce
the load by about 900 w yielding an annual savings of about
55 kwh/yr.

For 60 minutes per day the room -is vacant. About half of
this time the lights have been observed to be on. If these
lights were turned out lowering the load by 1500 w for 30
minutes per day average, the savings would be 135 kwh /yr.

For 260 minutes per day the room is used with approximately
its normal capacity. Oberservation and research has indi-
cated that for at least three-quarters of the tasks that
take place in classrooms, the lighting input could be
thirty percent of what is currently provided resulting in
a reduction of more than 50 percent of total. If the var-

ious stimuli to reduce levels are half effective, yielding
a twenty-five percent reduction, a 295 kwh/yr saving would
result.

If a system is used which adapts itself to respond to
natural light, a one-third reduction for 200 minutes per
day could be realized, or an annual savings of about 300
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kwh if applied directly to current practices, or about 190
kwh if applied to a system with reduced initial loads.

These savings total 740 kwh/yr. While the potential savings
listed above are not cumulative, it is reasonable to project
a savings of anywhere from 350 to 650 kwh/yr per classroom
within the regular school hour use plus an additiondl 3 to
5 kwh for each ten hours of after-school activities for
which the classroom was used. These savings are above cur-

rent savings achieved during the past winter. At current

electric rates, (approximately 70 kwh) this represents a
savings of $25 to $45 per classroom/per year, exclusive of
after school hours.

The hypothetical classroom would use 1550 kwh/yr if normal
lighting were installed and the projected patterns followed.
These projected savings are based on a relatively low usage

pattern. In a series of studies, classroom lighting was
found to consume about two-thirds of all electricity in a
school of which half went into classroom lighting. For ex-

ample, a 175,000 sf intermediate school has about 70 class-

rooms. At the rate of 1550 kwh/yr/room this would be a
classroom lighting use of 108,500 kwh/yr or a total elec-
tric usage for the school of 325,500 kwh/yr. This con-
verts to 1860 kwh/msf/yr which compares to the average for
all NYC schools of 3861 kwh/msf/yr for the 71-72 year.
This is probably fairly accurate because it does not reflect
any after.- school, weekend or summer activities and it is

compared to a use rate existing before any public awareness
of the energy situation. Still, if the estimate is low, the
potential energy savings will just be greater. .

Classrooms

1. Provide approximatelr 40 percent of the classrooms
with increased switch circuiting to permit both localiza-
tion of light delivery and modulation of level by "checker-
board" light patterns from 15 to 60 footcandles.

2. Provide approximately 40 percent of the classrooms
with multi-level fixutres to permit reducing light levels
throughout entire classroom to those actually required for
activities taking place.

3. Provide each of the remaining classrooms with either
a conventional track-light system, a system of fixed lights

with adjustable switching patterns or a system where both
fixtures and switching are adjustable, the last two being
accomplished either by multi-wire low voltage or multi-
plexed control systems. In addition, provide some of these
rooms with automated switching on an experimental basis.
This might include photo-sensitive controls for perimeter
zones and timed shutdown of lights based on end of period
signals.
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4-6/13 4. Provide selected rooms with a series of work stations
Lighting with integral lighting to' permit a low general light level

to be maintained while still satisfying requirements for
those students performing demanding visual tasks.

S ecial Purpose Rooms (Gymnasium, Cafeteria, Auditorium,
etc.

1. Re-evaluate the scheduling and use patterns expected
in each area of the specific building in question and pro-
vide appropriate light delivery system with particular
phasis on ability to deactivate areas or reduce levels when
services are not needed. For example, in keeping with curr-
ent use practices, provide tvo light environments in an
auditorium -- one for assembly, one for study hall use. In

a cafeteria provide lighting conditions suitable for dining,
maintenance and study hall use. Controls should permit se-
lective lighting of individual areas within cafeteria for
times when groups are using small portions of the space.

2. Provide automated shutdown of light systems wheh it
is anticipated that occupants will not utilize systems ,and
when scheduling can be easily predicted.

Offices

1. Provide ambient light levels of 15-20 footcandles and
specific illumination at work stations. Note: the ambient
light may be provided by the same fixtures which provide
the task light permitting great flexibility in the space
use.

Corridors

1. Provide light levels of 5-10 footcandles in corridors.

2. Use light reflecting wall surfaces.

3. Where alcoves' or stiOrt corridors occur, provide sup-
plementary illumination to prevent shadowed pockets.

Note: Provide service capacity for possible future augmen-
tation of lighting systems to current standards.
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7 HEATING

prototypical
proposals

a) Provide adequate minimum temperatures for all times when
school is occupied, varying temperatures according to
activity.

b) Avoid excessively high temperatures.

c) Permit selective heating of portions of school during

partial occupancy.

d) Avoid redundant heating when solar or internal gain will
maintain adequate temperature without mechanical support.

There are a number of sources of heat which result from the
normal activities which take place within a building. These

include heat released by occupants and heat produced by the
use of any electrical equipment such as lights, motors,
appliances, etc. In one sense, this is free heat since the
expenditure of energy which generates this heat is required
to operate the building in aty case. It is important to
remember, however, that the devices which are producing this
heat are not specifically designed for that use. The heat
which results from required lighting reduces the load on a
building's heating plant but the increase of light levels
far beyond needs in order to provide all heating from this
source results in great increases in overall fuel 118e. This

is due to the following factors. First, light fixtures are
not designed as heaters and therefore frequently do not de-
liver heat where, when or in the exact quantities needed.
Second, the use of electricity to produce heat is inherently
inefficient (see discussion of conversion of fuel to heat
which follows). For example, if lighting is the only source
of heat, heat required at window areas where heat loss is
greatest will necessitate the use of large numbers of fix,

tures at these areas.. These areas, though, generally have
adequate naturs.::. light so, for lighting purposes, the fix-

tures are unnecessary. These fixtures will produce about

d-7/1 one btu of heat for every four btu of energy consumed at
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d-7/2 the generator and this heat will probably not be delivered

Heating to where it is actually needed. A conventional heating
system, however, will deliver one btu for every one and a
half or two btu input and will deliver heat to where it's
needed. The introduction of lighting above required levels
in order to supply all required space heating should be
avoided.

Conversion of
Fuel to Heat

Total or Selec-
tive Energy

Heat Recovery

A second major source of heat. is solar radiation. A full
description of its heating potential is included in section
d-5, Solar Energy. This approach should definitely be con-
sidered as a means for reducing the fuel required for space
heating.

In most cases, the heat sources described above are not ade-
quate to provide for the total needs of a building. When
this occurs, additional input will be required from a heat-
ing plant. Where systems are controlled by local, interior
thermostats, the heating system will deliver only the heat
that is required to make up the difference between the de-
mand and the available "free" sources. The provision of the
make-up heat is the subject of this section.

Most processes in which fuel is used to generate energy
start with the production of heat. Where the final form of
energy desired is also heat, it is generally more efficient
to use the original heat directly rather than to convert it
to some other form of energy such as electricity. The major
difficulty with the direct use of heat is that it is rela-
tively inefficient to transport energy as heat for any long
distance. For space heating, the basic available heat
sources are locally generated heat, generally carried in
steam or hot water; centrally generated heat, generally
district steam; and electricity. The first two are direct
heat sources and range from about 50 percent to about 80
percent efficient. Electrical generation uses heat to
create steam which in turn drives the generators' turbines.
The generation and distribution processes result in a de-
livered efficiency for electricity of about 25 percent.
Because of this low return of heat energy compared to fuel
input, electric heating should be avoided except where the
direct use of heat energy is not feasible.

A total or selective energy system is one in which elec-
tricity is generated locally and the heat'which is normally
wasted is used for heating, domestic hot water and absorp-
tion cooling. In buildings where size and demand make this
approach feasible, it should be evaluated for the specific
instance on the basis of fuel use and economic factors.

In smaller projects which cannot support consideration of
total or selective energy, other forms of utilizing what is
normally waste heat should be evaluated. These include the
use of heat exchangers to pre-heat incoming air, or supply
radiant panels, and alno heat pumps to.take heat from one
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4-7/3 area where cooling may be required and tranfer it to a zone

Heating with a heating demand.

Design Conditions It is recommended that 5° F outside design temperature be
used to permit rapid morning heat-up although ASHRAE 99%
data indicate an 11° F outside design temperature. The in-
door temperature of the school should be based upon the
expected usage of a particular space. Thus, classrooms
with relatively minor activity should maintain a comfort
temperature of 68 F. Therostats for individual room
control should be set at 65 F, that is 3° F lower than
maintained temperature to allow for temperature override
due to lack of equipment response as well as additional
heating that may be provided by direct sunlight. A
further consideration that must be taken into account in
the design of the equipment and in calculating the heat
losses is the "ezpodure" factor. This is related to
building location, building construction, prevailing wind
direction and degree of exterior exposure.

Distribution HeatingLonly. Use low pressure steam systems with vacuum
System return. The advantage of the low pressure steam system is

that it allows rapid warm-up of school buildings after shut-
down and avoids freeze-up during shut-downs. Low pressure
steam minimizes operational supervision problems. Steam
pressures in excess of 15 lbs necessitate operation of plant
with licensed engineers and may further increase operational
servicing problems. Steam heating systems should not be
utilized where both heating and cooling of entire schools
Li contemplated, since a duplication of the distribution
system would be required.

Heating with air-conditioning. If a building is to be air-
conditioned as well as heated, then it is recommended that
whatever the energy carrying medium utilized, it be adapt-
able to both heating and cooling use; thus, where air con-
ditioning is required, the combination of hot or chilled
water through the sane piping system or heated or cooled
air should be used.

Water provides a desirable medium because of its high den-
sity. Air with the equivalent heat-carrying capacity as
water occupies a volume much greater than that required for
water. Large schools with air distribution systems require
the use of multiple equipment rooms because of the large
duct sizes and transmission losses inherent in extended dis-
tribution runs.

Zoning. Sectionalizing portions of the school based on
function is essential for energy conservation and permits
selective heating of required spaces without the necessity
of operating the entire' building plant. Because of.venti-
lation requirements for large places of assembly, auditor-
iums and gymnasiums as well as dining facilities should be
designed using indirect heating systems, i.e., air supply
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units containing heating coils
with fans distributing the air
In high spaces provide for air

prevent stratification.

(and possibly cooling coils)
to.the respective spaces.
distribution patterns that.

Air Distribution. Low velocity or medium velocity equip-
ment should be designed and utilized in preference to high
pressure air distribution systems which consume more energy.
Avoid dual duct systems in which temperatures are modulated

by mixing chilled and heated air. Systems should deliver

one or the other and respond to temperature requirements by

varying volume.

System Insulation. In addition to the insulation in the

skin of the building, the insulation of the heat delivery

system is important to avoid loss of heat to spaces that do

not require the heat.

It is important in the selection of boilers to size the
units to follow the load profile for the schools through
the heating season as closely as possible. The following

factors should be given consideration in sizing boilers:

1. Boiler efficiency on the order of 80 percent for
loads down to 50 percent of input rating is common. Below

50 percent of input rating boiler efficiency drops rapidly.

2. In New York City schools, the outside air ventilating
load constitutes, at design conditions, between 60 and 75
percent of the total heating load, based on current local
design practices of providing 15 cfm per occupant of outside
air' in classroom situations.

3. In studies carried out at Ohio State Engineering Ex-
periment Station, it has been found that the ratio of actual
calculated heat load to designed heat lqad is below 40 per-

cent, approximately 94 percent of the time for a one year
period as measured at a single school. Therefore it is

recommended that boilers be split into incremental (modur

lar) units utilizing individually sized multiple cast iron
heat exchangers in units of 10 to 20 percent of design load

for both #2 and #4 oil. In schools utilizing #6 oil, a
minimum of three boilers, two sized at 40 percent of design
load and.one boiler of 20 percent design load should be

utilized. Any boiler sized at 40 percent of design load
should be adequate to supply all of the heating energy re-

quired the largest part of the heating season. These boil-

ers would be rotated in usage. During a substantial por-
tion of the heating year, the 20 percent boiler is adequate
for the full heating load. In the event of one of the
boilers failing, the second 140 percent boiler can be put
on the line. In the event of both of the Ito percent of

design load size boilers failing simultaneously, the 20
percent of full load design boiler could heat the Sch001s
with the outside air shut off during the repair period, in

all but the most severe weather.
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Oil-Burning No. 6 oil. It is expected that #6 oil will be the prime

Equipment heating fuel for most future school buildings. On the

basis of current operating experience, the use of forced

draft rotary cup burners is recommended. These units pro-

vide good optimum performance and, because of the simplicity

of design, are apt to be operated close to this optimum.
In addition, they have relatively low ancillary electrical
loads which results in an indirect fuel savings. The use

of pre-set air intakes for low range partial loading should

be explored.

Terminals

d-7/5

The exact performance characteristics of rotary cup and air

atomizer burners in actual operating conditions are not

currently available. It is recommended that National Bureau

of Standards monitor and record -this information in a school

specially equipped for this study with one burner of each

type. The results of this test should be available in time
to affect the final decision in the prototype building.

No. 2 and No. 4 Oil. In buildings where the heating load is
less than 5,000,000 btuh and modular boilers are utilized,
medium pressure air atomization burners should be considered.

Ultrasonic Oil-,Water Mixing. It is recommended that National
Bureau of Standards run laboratory tests to determine the
effect of the Cottell or similar process on fuel consumption.
These tests should be carried out during Phase II which will
permit the use of the device in the. prototype building if
the results indicate that its installation is merited.

Terminal devices herein are defined as the device by which
energy is transmitted into the area for either heating and/

or cooling.

Typical classrooms. Where steam or hot water is the medium

for transferring the heat from the energy generating plant
into the space, use radiators or convectors individually
controlled. For both heating and air-conditioning utilize

fan coil units.

Kindergarten and Pre-Kindergarten. Consider radiant floor

unless floor is carpeted. Use air-floor system with heated

air discharged under windows. This system provides both

warm radiant floors and prevents cold drafts at window-walls.

An alternative to this is the use of unit ventilators at the

exterior wall.

Offices and other administrative areas. Use convectors or

finned-tube radiation for heating. Utilize fan coil units

when cooling is provided.

Gymnasiums and Auditoriums. Air distribution to ventilate

and heat gymnasium and auditorium spaces generally is ac-
complished by means of ductwork, which may be located over-
head or in the crawlspace underneath the floors of the re-
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d-7/6 spective spaces. Air may be distributed through grilles,
Heating registers, and/or overhead air diffusers. Air is returned

to the fan rooms utilizing ductwork connected to a point
source return; such as single or multiple registers or
grilles. Provided a proper uniform distribution method Is
installed, the location of the air returns is relatively
unimportant. For design criteria, it is recommended that
ASHRAE Standards be followed.

Attention must be given to the question of stratification.
Air movement patterns must be established to assure that
heated air does not layer at the top of these spaces, par-
ticularly when there is a major ventilation load drawing
off this heated air.

Heating Systems The idealized control system follows the energy load pro-
Controls file dictated by outside temperature conditions as well as

the internal load variations of each space.

Classroom temperature control. Heating elements within
classrooms, whether steam or hot water, should be controlled
by individually operated control valves modulated from a
thermostat within each classroom. Based on observations in
existing schools, these thermostats are frequently subjected
to tampering. They are also affected by local thermal con-
ditions. It is therefore recommended that in selected rooms
they be placed just inside a return air grille where they
will receive a more consistent sample of room air and will
be protected from the room occupants. The control system
may be either pneumatically or electrically actuated. For
large schools, pneumatic control systems are recommended.

Gymnasium and Auditorium Temperature Control. These so-
called indirect heating units consisting of air supply fans,
heating coils for preheating and reheating the air intro-
duced into the space, together with possible return air fans
which either return the air,or exhaust it as needed, should
be controlled from a master, sub-master type discharge con-
troller regulating the steam or hot water valves in the
heating coil section of the air supply system. Control sys-
tems must be so designed as to permit keeping fresh air
dampers closed during warm- -up and during light occupancy
periods. The damper arrangement should be such as to keep
the exhaust air damper closed until the mixed air tempera-
ture exceeds 75 degrees. The sequencing of the controls
must first shut off the heating energy supply prior to open-
ing in sequence outside air dampers and exhaust dampers. .

Where practical, consideration should be given to economiz-
er cycle operation during mild weather and for exhaust air,
and to energy recapture through the utilization of air to
air, air to water heat exchangers.

Heating Plant Provide as part of the maintenance offices, a plan and doeu-
Operation ment room, with sets of mechanical (and other) drawings on

I
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cloth. Provide a clear operating manual in non-professional
language. Mark and identify each valve and control point

clearly and permanently. Mount permanent, clearly printed

instructions on the use and maintenance of equipment near

the equipment.

Summary of Standards

Findings
1. Outside design temperature 5° F

2. Classroom design temperature 68° F (set at 65° F)

3. Administrative area design temperature 68° F

4. Gymnasium design, temperature 65° F and 70° F based on

type of activities taking place

5. Storage area design temperature 500 F

6. Other spaces as called for in Latest School Design

Planning Manual

7. Exposure factors to be determined after site selection

Distribution System (predicated on heating only with no pro-

vision for additional air-conditioning)

1. Utilize low pressure steam with vacuum return.

2. Sectionalize building and system to permit selective
heating of spaces including small groups of classroom,
auditorium, and gymnasium during after-school hours.

3. Use dual level thermostats (similar io day/night

thermostat using automatic reset with override feature) to

allow two levels of settings and system off.

4. Locate controls centrally to facilitate the selective

use of the system.

Boiler

1. Except as noted below, #6 oil is recommended. Pro-

vide a minimum of three boilers, two of which will be sized
at 40 percent design load, the third at 20 percent.

2. If design heating load is less than 5,000,000 btuh,
individually-fired multiple cast iron heat exchangers
(modular boilers) in units of 10-20 percent of design load
utiUzing #2 and #4 oil should be considered.

Oil Burningj.nOlui_aL__tent

1. Forced draft rotary cup type burners are recommended
for all grades of fuel oil except as noted in the following.
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2. If #2 and #4 oil is to be used with modular boilers,
consider air atomization medium pressure type burners.

Note: Conventional practice with rotary cup burners is to
use variable dampers to modulate combustion air intake at
partial operating levels. At lower levels this system is
difficult to control accurately. Investigate whether a
burner with a finite number of settings (e.g. four) with
corresponding adjustable combustion air ports would per-
form better at lower fuel rates. The installation would
require tuning after installation to set the fixed openings.

3. It is recommended that as part of Phase II, National
Bureau of Standards evaluate a device such as the Cottell
system which introduces water into the fuel-oil by ultra-
sonic or other means.

Terminals

1. Typical classrooms: Provide perimeter radiation with
individual room control. In selected classrooms, locate
temperature sensors in exhaust air ducts and place controls
in secure location (possibly behind grille). This will tend
to prevent tampering and false readings resulting from local'
conditions.

2. Kindergarten and pre-kindergarten classrooms (where
programmed): Consider air floor radiant slab with hot air
discharge at perimeter wall to counter cold-wall effects.

3. Gymnasium, Auditorium: Provide heated air system
with 100 percent recirculation capability for warm -up and
use with limited occupancy. Where more than 25 percent of
the air is exhausted, analyze heat recovery devices. These
may be heat exchanger wheels, air to water to air loops or
air to air counter-flow exchangers.



84, COOLING

prototypical
proposals

a) Utilize systems which can discharge excessive internal
heat to the outside by non-mechanical. means whenever in-

side temperatures are higher than outside.

b) Where mechanical refrigeration is used to provide space
cooling, provide systems which are supplements to natu-

ral cooling systems and which will be deactivated when-

ever natural cooling can be achieved.

Interior spaces must be cooled when build up of heat from
interior sources occurs faster than the loss to the outside
or when heat flows from the outside to the inside because
the outside temperature is greater than the inside. In the

first case, the ability to "dump" heat to the outside by
non-mechanical means will often be sufficient to maintain

acceptable temperatures. This requires that the outside

temperature be no higher than the inside. (He%t will only

flow from bodies with higher to bodies with lower tempera-
tUre). If it is desired to lower the Inside temperature
below the outside temperature, mechanical cooling must be
provided. An additional aspect related to ambient cooling
is local cooling resulting from surface evaporation on the
occupants' skin resulting from air movement.

Outside Air Cooling The basic aim of non-mechanical cooling is to prevent in..
side temperatures from rising much above outside tempera.

tures. If there is a tendency for internal heat gains to
raise inside temperatures above outside, conduction will
generally be unsatisfactory as a method for rejecting this

excess heat. This is due to the'fact that the rate of con-
ducted loss through a given material is a function of the
temperature differential which, when overheating is a prob..

len', is apt to be quite small. Instead,,,. the actual exchange

of inside and outside air will permit movement of large
amounts of heat. In order for the exchange to take place,

some force must induce the air to move. 'No basic natural
conditions -- wind pressure and gravity -- will in most

d-8/1 cases act to this end.
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d-8/2 Wind Pressure. There is almost always some outside air
Cooling movement which will cause different expOsures of a building

to experience different air pressures. If a space has
openings to two exposurestair will flow from the higher
pressure through the space and out through the opening at
the lower pressure. The rate of this flow can be deter-
mined from the equation

Q = EAV (see sub-report g-2)

(One of the exposures can be a roof as well as a wall sur-
face. It is also possible to have different exposures on a
single wall surface resulting from the treatment of open-
ings.)

Gravity. Hot air weighs less than cooler air and therefore
tends to rise in the presence of cooler air. When inside
temperatures are higher than outside, an opening at the top
and the bottom of the space will permit the hot air to rise
and escape from the higher opening causing cold air to be
drawn in through the bottom. The force acting to cause
this flow is a function of the temperature differential and
height between the openings. Since it is desirable to have
air change taking place at the smallest tempezatize differartla,

it is desirable to increase the height between the openings.
The utilization of height to promote air movement due to
temperature differential is referred to as the "stack ef-
fect". The actual quantitites of air movement that can be
expected can be determined from the equation

Q = 9.4A h(ti-to) See. 'Analysis of

Observed Ventilation Performance' (sub - report g-2)

It is also possible to increase the temperature differential
without adding unwanted heat into the interior environment.
This is done by heating the air after it leaves the occupied
space but before it is freed into the outside environment.
This is the basic principle behind the summer mode of the
thermo-siphoning wall panel described in 'Building Skin'
(section d-3).

Evaporative When moisture evaporates, there is sensible cooling result-
Cooling ing from the change of sensible to latent heat in the pro-

cess. If this is surface moisture on the skin, a relatively
small actual heat change can result in a large difference
in comfort due to the fact that the temperature drop occurs
right at the occupant. Air movement will promote evapora-
tion by preventing moisture concentrations from building up
around each occupant. This air movement can be totally
internal as induced by local fans, or can result from air
passing through a space. Circulating inside air is advan-
tageous when outside temperatures are higher than inside.
Of course at some point, the concentration of moisture in
the air builds to a point that evaporation will not occur.
However, the normal minimum requirements for outside air
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will prevent this from occurring.

At times when outside temperatures are lower than inside,
the conversion of sensible to latent heat carried by evap-

orated moisture will increase the effectiveness of the air

as a medium for removing heat from the environment.

Mechanical The basis of the design of air-conditioned New York City

Cooling schools shall be as suggested by ASHRAE Handbook of Funda-

mentals 1972, Chapter 33, Table 1, 5 percent data. Outdoor

temperature 88° F dry bulb, 75° F wet bulb. Indoor 78° F

dry bulb, 60 percent relative humidity. (The 5 percent

data shall indicate in New York City that of the 3,000 hours

of cooling required, 150 hours will exceed the conditions

stated for limited periods of time). The selection of in-

door conditions is based on a fair degree of comfort. It

is recommended that all fully air-conditioned schools util-

ize the same piping system for both heating and air-condi-

tioning, therefore, hot water is to be circulated during

the winter, and chilled water during the summer months.
This may be accomplished through utilization of low-pressure
steam boilers connected with steam to hot water converters.

In the winter months, hot water is pumped to respective

zones and individually controlled as previously stated. In

the summer months in totally air-conditioned buildings,

chilled water may be obtained through the operation of

steam absorption refrigeration equipment with the steam ob-

tained by operating the boiler plant during the summer

months. The use of the steam absorption refrigeration
equipment is recommended to minimize summer electrical
peaking of load requirements which has become a critical

problem in New York City. Currently, electrical refriger-
ation equipment actually consumes less source fuel than ab-

sorption equipment. It is hoped that two stage absorption
chillers will live up to expectations and change this

picture.

To optimize efficiency of the refrigeration plant operation,

the equipment should be selected so that each refrigeration

unit will provide 50 percent of the total required capacity.
Schools in the 40,000 to 55,000 sf gross'area range Should
consider reciprocating type of chilling equipment which is

available in smaller capacity ranges and will optimize plant

efficiency. For very large school projects, it is advisable

to consider the use of selective energy and total energy

systems to generate electricity on-site. Consideration

therefore should be given to the use of exhaust heat avail-
able from total or selective energy plants that may be used

for absorption refrigeration to provide the necessary
chilled water for summer air-conditioning use. Air-con-

ditioning within each classroom can be best achieved
through the utilization of fan-coil units that recirculate

the air within the classroom. Adequate air supply will be

obtained by infiltration and with the operation of the ex-

haust fan system (see ventilation section). Large air-

conditioning distribution systems for places of assembly,
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such as auditoriums and cafeterias should utilize cycles
Cooling which permit the utilization of 100 percent outside air

whenever weather conditions permit. Controls should be
actuating dampers to reduce the amount of outside air to a
minimum required for health standards, whenever the mixed
air temperature exceeds 800F. Above 800 mixed air tempera-
ture air dampers maintain minimum position and the chilled
water valve to the cooling coil'shall open. For extensive
air distribution systems, utilize single duct variable vol-
ume low pressure air systems. These minimize the fan
horse-power required to deliver the cooling air and avoid
the necessity for reheat of chilled air to maintain comfort
conditions within the space. Wherever distribution systems
are contemplated exceeding 150 to 200 feet in length con-
sider multiple fan rooms served from a central chilled
water plant. A full analysis should be made of fan room
locations to minimize energy consumption.

Partial air-conditioning. Where limited areas only are to
be conditioned, consideration should be given to window or
through-wall air-conditioning units for single rooms and/or
"package-type" air-conditioning equipment distributing
chilled air. Consideration should also be given in more
extensive systems to the utilization of heat pumps using
cooling tower water for chilling or condensing mediums.

EATALlysms. Where areas are mechanically cooled, the
Amount of fresh air to be introduced is mainly through in-
filtration through windows except for air-conditioning of
large assembly spaces, where considerable fresh air must be
introduced under peak occupancy conditions. The exhaust
system should contain a heat exchanger such as a thermal
wheel or counter-flow device for air to air heat transfer
or an air to water to air loop to permit the regain of en-
ergy that would otherwise be wasted. Spaces such as science
moms, kitchens, toilets, locker rooms, should maintain a
negative pressure to prevent the transfer of odors into
adjacent spaces.

Summary of Outside_air. Rooms without provision for chilled air or
Findings water will rely primarily on the introduction of outside

air to prevent interior temperatures from rising due to
local heat sources such as lights or occupants. This air
introduction is to be considered separately from that re-
quired for basic metabolic functions which will be discussed
under Ventilation. The outside air for cooling canbe
supplied either mechanically or by air pressure differen-
tials or gravity. Wherever possible, utilize non=
mechanical (open windows) to ensure adequate cooling air.
Where mechanical means are required, the system is to be
isolated from the base ventilating system either physically
or by its control system. This is to ensure that regard-
less of air quantitites introduced for temperature control,
sufficient outside air will be supplied for metabolic needs.



Evaporative cooling

Provide additional comfort at elevated temperatures by

ensuring air movement which. results in surface evaporation

at the skin. This can be accomplished using oscillating
fans, ceiling fans, low speed wall fans, or it can be ac-

complished by the exhaust system. (Air movement does not

require air removal.)

Mechanical Refrigeration

Provide chilled air to portions of the building. .

1. Design Standards*
Outdoor - 88° F D.B. 75° F WB

Indoor - 78° F D.B. 60% RH

2. Chillers are to be selected based on energy sources
available and demand for heat removal.

3. Primary distribution is to be chilled water.

4. It is recommended that smaller rooms (offices, class.

rooms, etc.) be heated and cooled with fan coil units of

adequate size and number, individually controlled. In this

way, the cooling function can be maintained separate from

the metabolic outside air requirements.

5. Larger rooms (auditorium, gymnasium, etc.) utilize

chilled air from the local air handling unit.

6. With reduced exhaust requirement, no heat recovery

is anticipated related to localized chilled water systems.

Large, chilled air systems may utilize the same heat re-

covery systems used for heating.

7. If centralizei air distribution is to be used, use

variable air volume systems. Avoid terminal reheat systems.

*based on ASHRAE liandboot of Pundon004123, 1972

Ch. 33, Table 1, 5 data; NYC Central Park
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9OVENTITATING a) Provide adequate ventilation at all times for the health

of the occupants.

d-9/1

b) Avoid introduction of excessive outside ;tir at times
when inside air is being heated or cooled.

c) Avoid introduction of outside air to spaces which are

unoccupied.

d) Utilize non-mechanical, energy-free means of providing
ventilation wherever possible.

e) Design ventilation systems to insure that basic outside
air requirements for metabolic well being are provided.

Outside air for cosmetic odor and thermal control will

not be included in this basic level. Supplemental out-

side air for these applications may be introduced by two

stage controls on the primary system or by secondary

systems.

Item "d" may be in partial conflict with items "b" and "c"

in that it is more difficult to control exact air flow with

non-mechanical means. One basic approach to this situation

is to use mechanical means to insure basic adequate venti-

lation and operable windows to supplement this when higher

levels are desired on the assumption that when the occupants

of the room desire additional outside air, it is due to the

fact that the outside air is closer to desired conditions

than inside. When this is the case, thermostatic controls,
if working properly, will not be calling for heating or
cooling or, if they are, the outside air will be between
the inside air conditions and the desired conditions and

will therefore reinforce rather than interfere with the

mechanical conditioning system.

This approach involves the education and cooperation of the

occupants of the spaces. It seems reasonable that as

public awareness of the problems of eve4y use increases,
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669/2 the willingness to cooperate will increase as will Waal
Ventilating and administrative pressures. If this turns out not to be

the case, mechanical and electronic devices can be install-
ed tc override the various local optidns in system opera-
tion. These might include an interlock system which would
prevent windows from being opened while mechanical heating
or cooling was taking place. Because of the inherent prob-
lems associated with complex systems and the added cost, if
cooperation can be achieved, the non-automated approach
seems preferable.

Effect of

Ventilation on
Fuel Use

Ventilation has an effect on energy use in schools in two
areas. It uses electrical energy directly to operate fans
and motors. This amounts to about 25% of the electricity
used. It discharges heated or'cooled air to the outside
in order to admit the quantity of air called for, for
ventilation. Additional energy is required to heat or cool
the replacement air. This is responsible for about 65% of
the heating or cooling load. In energy terms, in the com-
plete New York City school system, this represents about
17 million gallons of oil, 67 thousand tons of coal and
80 million kwh per year at "pre-crisis" use rates.

Research and observation indicate several important aspects
of ventilation as it is currently provided:

Ventilation 1. Standards for minimum quantities of outside air are far
Standards in excess of actual requirements averaging about three

times more than necessary based on 5 cfm /occupant for
sedentary uses and 15 cfm/occupant for high activity
areas. Adoption of these basic standards would result
in an immediate savings of almost 45% on the heating
load. In a typical new building, this would mean a sav-
ings of about 225 gallons of oil per year per msf of
building: At current prices, this would yield an annual
savings of about $75. The electric savings would not be
in direct relation to the reduction of fan sizes but a
reduction in load of 30% can be anticipated. This would
yield a saving of about 290 kwh/yr/msf or $211yr/msf.
Thus, a reduction in outside air requirements of two-
thirds the current standards would yield a saving of
about $100/yr/msf.

Use Patterns 2. In generals all fans are turned on half an hour or more
before classes begin and are often run several hours
after the last scheduled class on the basis that some
rooms will be used for after school programs. In ad-

;dition, various spaces are unused for portions of the
regular school day. Ahis includes the auditoriuM (tin=
used about 75% of the time) and gymnasium (about 25% of
the time). After school hours, the percentage of use
drops drastically. If a control system were available
to permit these areas to be taken oft the ventilating
system %then they were not in use, an additional 25%
savings could easily be realized. This would yield an
Oditional savings of 27 gallons/yr/msf. It the build-
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d-9/3 ing were required to conform to existing ventilation

Ventilating requirements, and the system operated only when res.
quired the savings would be over 80 gal/yr/msf.

Zone Controls

The ventilation rates proposed are minimum rates designed
to provide for all metabolic needs under normal thermal
conditions. At times when additional outside air is re-
quired to dissipate internal heat gain, it can be intro-
ducedbyusing open windows or by providing a step up in the
system that would only be used for excess heat. (See sub-

report d-3 'Building Skin'.) The recommendations which
follow are in response to the above considerations.

a) The basic criterion for outside air introduction
shall be 5 cfm/occupant based on maximum projected
occupancy of space.

b) The following major spaces shall be provided with a
ventilation rate greater than 5 cfm/occupant:

Gymnasium - 15 cfm/participant
5 cfm/spectator

Cafeteria - 15 cfm/occupant

Note: where cafeteria is to be used as an in-
structional space, a two-level system is to
be provided which can supply 5 or 15 cfm/occu-

pant depending on usage.

Locker Rooms - when possible, interconnect the
exhaust system from locker rooms with the
gymnasium so that the air that is introduced
for gymnasium ventilation is vitiated through
the locker area and exhausted through fans in-
terlocked with the gymnasium supply system.
Where this is not feasible and a separate sup-
ply is used, provide 15 cfm per occupant, and
exhaust through sheet metal ductwork connected
to the lockers. Ventilation air supply for
the lockers should be independent of heating
requirements.

Toilet Rooms - 50 cfm /fixture shall be exhaus-

ted from toilets. Makeup air shall be from
adjacent areas.

c) Labs, shops, kitchen which have equipment which ex-
hausts air directly shall have appropriate makeup
outside air introduced near the equipment and co-
ordinated with the duct fan.

3. Provide zoning with independent control for ventilating
systems. The zoning should correspond to that of the

heating system. When a portion of the building is in
use, only the amount of space in use will be heated
and ventilated. This will affect both fuel-oil and
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Ventilating

Central Console

electricity usage.

In addition, it is recommended that several of the
classrooms with automated lighting be fitted with
automated ventilation controls integrated into the con-
trol system which would shut down at the end of each
period and start up only if the room was in use as in-
dicated by the activation of any device in the room.
In this way, any time a classroom remained empty for
a period, the heating load would be reduced by the
amount normally required to heat that incoming air.
This automation could be achieved in several ways:

a) Provide exhaust registers with mechanized dampers
tied to the central signal system. The exhaust

function would be handled by a conventional roof
fan equipped with a variable speed motor which
would modulate fan speed based on the positions of
all dampers of grilles which it served.

b) Provide individual exhaust fans similar to residen-
tial kitchen fans for each room feeding into a
common chase. These fans would be controlled by
the central signal system.

4. Provide clearly described ventilation zones with all
controls directed from a single console conveniently
located for custodial staff.

This system would closely resemble current practice of
using roof top fans serving small groups of classrooms
and individual, indirect heating and cooling systems
for major spaces, such as auditoriums and gymnasium.
The system would be designed, however, to ensure that
no one classroom would rely on more than one fan for
its ventilation. In addition, all controls would be
taken to a single point so that a custodian supplied
with a schedule for the day could operate only those
fans which were actually required for each period.
This operation could, in fact, be automated and rela-
ted to the program clock. The desirability of this
would have to be evaluated by weighing the possible
energy savings resulting from the automation against
the complication, expense and control system energy
use required by its installation. In a system with
controls in a centralized console there is some danger
that it might discourage flexible programming and
classroom use, since each change would have to be tied
in with a change at the central control point.

An alternative to automation would be an information
system related to the program clock which would con-
trol 2 lights, one red when the fan is not required
and one green when the fan is. A third light, green,
would indicate that the fan is actually running. At

each period, the operator would simply make sure that



whenever a green program signal light was on, a green
fan indicator was also on and where a red light was
on, that the green was not on. This could, in addi-
tion, be coupled with an end of period automatic off
function requiring that fans be consciously activated
every forty-five minutes, at the start of the next'
classroom activity.

5. Provide seasonally variable ventilation rates by util-
izing different fan motors or, in the case of belt -
driven fans, several pulley ratios. This approach is
particularly applicable to existing installations
where it can be used to achieve ventilation rate modu-
lation with a minimum capital input.

1. Ventilating will refer to that outside air required for
healthy maintenance of metabolic functions.

2. The basic ventilation rates for areas other than those
listed below will be 5 cubic feet per minute (cfm) per
occupant when space is occupied (Building Department
approval is required). This is based on:

a) Study performed by the National Bureau of Standards
in conjunction with this report.

b) Dr. Ralph Nevins' report included as an appendix to
this report.

c) Latest ASHRAE recommendation.

3. The following spaces shall be provided with a ventila-
tion rate greater than 5 cfm /occupant:

gymnasium - 15

5

cafeteria - 15
5-15

cfm/participant
cfm/spectator
cfm/occupant
cfm/occupant, if used as instruc-

tional space
labs 5 cfm/occupant plus special exhaust
shops 5 cfm/occupant plus special exhaust
kitchen - as determined by exhaust requirements

locker rooms- 15 cfm/occupant
toilets - 50 cfm/fixture

4. Ventilating systems will be zoned to be coterminous
with heating system zones so that after-school uses
can be carried out with the least introduction of out-
side air by operating the fewest number of zones re-
quired. This will affect both fuel-oil and electricity
usage. In addition, it is recommended that several of
the classrooms with automated lighting be fitted with
automated dampers integrated into the conrol system
which would close at the end of each period and open
only if the room was in use as indicated by the acti-
vation of any device in the room. In this way, any
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6.01/6 time a classroom remained empty for a period, the

Ventilating heating load would be reduced by the amount normally
required to heat that incoming air. The fan serving
those damper-controlled areas will be variable speed
controlled by SCR devices such as Triacs (section
d-11) responsive to the damper position.
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100 DOMESTIC
HOT WATER

Minimize Length
of Runs

d-10/1

prototypical
proposals

a) Provide a source of domestic hot water which will have
an output similar to the demand in order to avoid in-
efficiencies resulting from partial load of boilers.

b) Minimize transmission losses.

Utilize low temperature heat to pre-heat incoming street
water.

d) Provide hot water at lowest practical temperature.

During the winter the main heating boilers will provide the
primary source of heat for domestic hot water. However, at
times when there is no space heating demand, even the
smallest boiler will be grossly oversized as the source .

for domestic hot water. This makes necessary either boiler
operation at fractional loading, which is highly ineffici-
ent, or large storage capacity to permit full loading of
the boiler for a period of time and the "coasting" on the
accumulated hot water. The problem with large storage
facilities is that they lose heat to the surrounding en-
vironment while standing. The alternative is to provide
a secondary heat source such as a gas or distillate oil
fired heater to satisfy demands for hot water when there
is no demand for space heat. In this way, the system can
operate with small storage and rapid recovery without the
need for a large boiler on continuous standby.

There "e several ways of reducing heat loss during trans-
missi

The distance from hot water generator to point of use can
be reduced by (1) clustering hot water consumers in compact
groupings, (2) placing these groupings as close to the hot
water source as possible, (3) providing a remote hot water
source for large consumers which must be located far from
the prime generation point. If distribution runs can be kept

very short, an added advent :Will be the elimination of



DomestiJ Hot Water

Reduce Temperature
Differentials

Low Temperature
Heat Sources

Insulation

Faucets

Maintenance

the need for a circulating system. This results in sub-
stantial savings in piping costs as well as in reduced

heat losses.

Domestic hot water temperatures of 100° F are sufficient
for virtually all school activities except dishwashing
which requires 180° F water. This can be accomplished using
small boosters where the highest temperatures are actually

required. The difference in water temperature from 140° F
to 1000 F will reduce the differential with ambient tempera.
tures by about half with a corresponding saving in conduc-

ted heat loss.

There are processes Which take place in buildings which re-
lease heat generally considered to be waste, either because
there is no apparent demand for heat, or because the heat
is produced at a temperature too low to be used. These in-

clude any exhausts from engines, cooling tower water, con-
densate from steam absorption chillers, blow-down water
from boilers and heat captured from exhaust air. In addi-

tion, low technology solar collectors can produce relatively
low temperature warm water. This can be used to heat or

pre-heat water coming from the main into the building. If

domestic hot water is distributed at 100° F, a number of
these "low temperature" sources will actually provide the
total heating required.

Insulate hot water lines carefully, particularly in shafts,
crawl spaces and furred spaces where lost heat does not
contribute even to winter heat requirements.

Reduce the pressure of hot water at lavatories. Provide

self-closing faucets.

Establish regular program of hot water faucet maintenance
to eliminate leaking faucets.

Where total energy or selective energy systems are antici-
pated, the "waste heat" from major generation points should
provide for the entire domestic hot water needs.
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d
prototypical
proposals

The effective control of systems which consume fuel in their
operation, either directly or indirectly, is essential for
energy conservation for a series of closely related but dis-
tinct reasons.

a) Activation of systems when tasks actually being per-
formed require their services.

b) Activation of systems when exterior conditions tend
to move interior conditions outside pre-selected
limits.

c) Activation of systems serving the least area consis-
tent with task requirements.

d) Activation of systems at the lowest levels consistent
with task requirements.

The corollary to this also applies. Whenever conditions do
not require the use of these fuel-consuming systems, the
systems will be deactivated.

In short, mechanical and electrical systems should be con-
trolled to provide' their services only where and to the
degree they are actually required. This aspect of control
is particularly important in an approach to building which
stresses reliance on utilizing the natural environment
since this will only result in an energy saving when the
systems which can be replaced with these natural services
are, in eact, deactivated.

Tho energy efficiency of the building is related to the
accuracy, specificity, and flncibility of the system.
Those controls that regulate the efficiency of combustion
systems -- the burners, the oil flow, the stack tempera-

*Section prepared with the assistance of Karl Sklar,
Oyster Bey, New York.
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tures, etc. are fairly standard.

The controls that affect energy use at the. point of utili-

zation, and those controls that permit greatest advantage
to be taken of external conditions merit more discussion
here.

Opportunities There are major savings available in such key systems in

in Control Systems schools as lighting, heating and ventilating. If lighting

can be used only when it is needed and where it is needed

and in the intensity needed, possibly 50 percent of this
large energy user might be eliminated. If, after readjust-
ing ventilation levels to more appropriate levels, it was
also put into effect only when spaces were occupied, not
only would the fan motor energy be reduced, but the energy
to heat or cool the excessive replacement air would be un-
necessary. If heating and cooling were adjustable on a
space by space basis, this would save the energy that goes
into spaces that are in larger zones than the activity or
occupancy pattern.

Solid State
Controls

The purpose of the study is to point out the improvements
in control systems that could be incorporated in the proto-
type school to keep down energy use.

The opportunities in control systems range all the way from
an individual operating a single piece of equipment (a light

bulb on a pull chain) to an automatic system that calls for
light at a perimeter section, if the room is occupied and
if the light level of the lighting system is required.

Solid state electronic technology can currently be adapted
to building control systems with great promise. Because of

its tremendous capabilities, its use requires special cau-

tion. Virtually all solid state devices are highly suscep-

tible to automation. There are times when this can be a
highly useful approach; however, it can also prove to be

negative if applied indiscriminately. The ease of automa-

tion increases the possibility of this happening. The

problems which occur, are four-fold but interrelated. First,

an automated system will never anticipate all the variations
resulting from human interactions and has no ability to re-
spond to unforeseen situations. Second, in order to mini-
mize these unforeseen happenings, there is a tendency to
design buildings and systems to preclude these situations,
thus making them less sensitive to actual conditions and
more dependent on these automated systems. Third, the re..

moval of responsibility of environmental control from in-
structional spaces can have a negative educational value in
'that it provides a false picture of the relationship of
people to the spaces that they inhabit, that is, that in a
well designed environment, they can consciously modify con-
ditions to meet their needs and, in addition, have the re-
sponsibility to do it with sensitivity to energy use,
pollution, etc. Fourth, the control of the environment by
an "unseen hand" is very likely to promote a sense of help-



d-11/3 lessness in the occupants of a building. This is very
Controls likely to turn to resentment and rage towards the building

and what it represents.

On the other hand, a building which involves all'of those
who use it in its operation and control, is much more like-
ly to be viewed sympathetically.

Basic Control Control systems are composed of the following components.
Components

Sensor - determines the ambient condition of

the environmental factor under considera-
tion.

Evaluator - determines the relationship of the exist-
ing ambient conditions to pre-selected
parameters.

Respondor - determines the appropriate mode for the
system under control.

Operator - carries out the actions required to place
the system in the desired mode.

In addition to the functions listed above, means of trans-
mitting information between functions must exist. In some
cases, two or more functions may be combined into a single
component. An example of this is the typical residential
thermostat which senses the ambient temperature, determines
whether it is within a prescribed zone and closes a contact
which is, in effect, a master switch. The effect of clos-
ing this switch must then be transmitted to the secondary
operators (solenoids, ignitors, pump switches, etc.) at the
burner. In many cases, some of the functions are carried
out by direct human response. This is the case when a per-
son enters a room, decides that it's too dark for whatever
he intends to do, walks to a wall-switch and turns on a
light. In this situation, the person acts as the entire
control system, sensing, evaluating, deciding on an appro-
priate response and operating that part of the lighting
system which will effect the desired results. There are
obvious limitations and penalties related to this type of
control system; however, since for the most part, mechani-
cal systems in school buildings are utilized to satisfy
human needs and desires, a human sensor and evaluator will
frequently produce the most satisfactory responses.

The desire for selectively supplied mechanical and electri-
cal services implies greater subdivision of the systems.-
For manually operated sub-systems, this requires that the
person controlling the sub-system have physical access to
the system itself. In some cases, very simple mechanical
devices extend a person's normal capacity (such as a pull
chain), making possible the operation of a switch located
in a fixture at the ceiling. This type of device has the
advantage of simplicity' reliability and obvious cause-
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d-11/4 effect relationship; however, its range and capacity are

Controls limited. As a result, a number of mechanical, electrical
and electronic systems have been developed. Recent develop-

ments and refinements (currently or shortly to be available)

greatly increase the feasibility of utilizing a substantial
degree of individual remote control. Some of these applica-

tions have been mentioned in the sections on specific sys-
tems; however, a somewhat mure complete description of the
control and signal devices follows.

Electrical Switch- The function of these devices is to effect the actual switch-

ing Relays ing function in an electrical circuit based on receiving a
signal from some remote point. The main advantage is that

it is not necessary to extend the circuit under control to
the point at which the switching decision is made. Instead,

the circuit itself can be minimized and a means for trans-
mitting the signal provided from the control point to the
operating point.

Bi-State Relays Bi-state (on-off) relays have one of two basic modes of op-

eration. They can be mono-stable or bi-stable. Mono-stable

relays will go to one position (either on or off) unless

they are actively receiving a signal to move to the opposite

state. Bi-stable relays will stay in whatever position they
are in unless they have received a signal to change. Bi-

stable relays can function with a single signal in which
case each time a signal is received, they change to the op-

posite position. They can also function with a dual signal
in which case each signal selects one or the other state.
If the relay is already in the state selected no change
will occur.

Mono-Stable Relays Mono-stable relays have several advantages and at least one

distinct disadvantage. They can be utilized in "fail-safe"
systems by employing the stable state as an emergency mode
so that the interruption of a signal will cause the system

to shift to this mode. It also automatically coordinates
all relays which are operating from a common signal. The

disadvantage is that the signal must be constantly present
during one mode of operation.

Bi-Stable Relays Bi-stable relays with sequential response to a single signal
are applicable in situations where one signal operates one

relay. Problems develop when more than one relay responds
to a single signal due to the fact that any relay which,
for any reason is out of phase with the rest, will remain
out of phase.

Bi-stable relays which respond to specific selective signals
have the advantage of being automatically coordinated and of
being stable in whatever position they are in. The disad=

vantage is that they require the capacity to distinguish
between the two signals.

Solid State Relays The actual switching function can be carried out either by
conventional mechanical make-break contacts or by solid
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state controls, SCR (silicone controlled rectifier) being
the most common and useful general type of device currently
in use, The advantages of these solid state control devices
include the fact that they have no moving parts, resulting
in lower operating wear and they are considerably less ex-
pensive than mechanical relays. They currently tend to
produce RF (radio frequency) interference, the degree being
related to the specific design, and this drawback must be
borne in mind should SCR devices be used. The commercial
availability of this type of relay is quite recent so the
price and availability factors are changing rapidly; how-
ever, at the time that control devices are actually selec-
ted they will merit very serious consideration.

Multiplex Multiplexed control systems which are presently undergoing
Signaling rapid development and growth are distinct from conventional

electrical control systems in that instead of having a
separate wire or set of wires running from each switch to
the appropriate devices, a single transmission line con-
nects all devices being controlled. The system is basic-
ally composed of a small transmitter which, in effect, re-
places a series of wall switches, a receiver at each of the
devices being controlled, and a line connecting the trans-
mitter with the receivers. The transmitter introduces, into
the line,signals which are "addressed",that is, electroni-
cally coded. Once a signal is in the line, it travels to
all of the receivers, however, only those which are keyed to
thespecific code (have the same address as the signal) will
respond.

The major factor making multiplexing feasible is the evolu-
tion of solid state technology, that is, transistors, in-
tegrated circuits, etc. This has made possible compact,
reliable units which can be economically competitive with
other systems. This is the same technology which has pro-
duced $3.98 radios and $30.00 pocket calculators.

Multiplexed control systems offer the following advantages
over conventional systems:

1. The amount of actual wiring required is drastically re-
duced.

2. The number of devices which can be separately control-
led using a single signal line is limited only by the
capacity of the electronic gear.

3. The control patterns are totally flexible within the
capacity and range of the system, that is, any point or
group of points along the signal line can be assigned
or reassigned to any address. This differs from a con-
ventional system where once wiring has been run from a
switch to a device, the pattern is relatively firmly
established.

4. The system has virtually no moving parts greatly in-
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creasing reliability.

The instructions which the transmitter puts into the line can

be manual or automated. Manual contras can be given using

a series of buttons similar to a push button telephone.
Automated controls could come from a program clock, a sensor
such as a photo cell, thermostat or smoke detector, or a com-

puter. Before automation is selected, the drawbacks describ-
ed at the end of this section should be fully weighed.

Multiplexing, then, is simply the ability to put on a single
path different signals which can be identified and sorted out
at any point along that line. The most versatile approach to
addressing signals and having them give proper instruction is
digital multiplexing in which binary numerical numbers are
used to represent all transmitted information. A brief de-

scription of a prototypical system follows.

Prototype As described earlier, the characteristic of the multiplexed
Multiplex system which makes it desirable is the common signal line or

System bus which can replace large numbers of individual control
circuits. For the example underconsideration, the bus can
select any of 1024 points (based on a 10 bit binary address
the explanation of which follows). In order to use this

single path to control large numbers of points, it is neces-
sary to "address" each signal to specified locations, so that

those and only those points desired respond to that signal.
This is accomplished by an electronic device called a digital
multiplexor which transmits, in rapid succession, instruc-

tions to each point. Each instruction is preceded by an ad-

dress. Each remote point is equipped with a receiver which
(a) responds to signals bearing its address and ignokes all
others and (b) interprets the instructions following the ad-

dress. To this must be added the capability of executing
the actual control called for by the instruction, generally
some form of mechanical, electric or electronic relay. Thus,

the basic elements in the system are the multiplexor, the bus
and the receivers. In actuality, the unit at the device barn

ing controlled may transmit information as well as receive
it. That unit, along with the actual operator is referred to
as a bus interface unit in that it handles the entire transi-
tion between the bus and the device in question. In addition,

a device is connected to the multiplexor which either gener-
ates and responds to information processed by the multiplexor
or displays this information to permit manual operation.
This device with the multiplexor is called a central operat-
ing unit.

Manual System A simple example of a manual system is a number of light fix=
tures each equipped with a power source which is totally in-
dependent of control, a relay switch, and a bus interface
unit with a unique address; a signal bus and a central con-
trol unit consisting of a multiplexor and a series of on-
off signal buttons, one for each bus interface unit with

unique address. When it is desired to operate a specific
light, the button corresponding to the selected address is
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6.11/7 pressed, the multiplexor converts the information (which
Controls button has been pushed) into a numerical code which includes

the address assigned to the button and the desired operation
signified by pressing the button. This signal is introduced
into the bus where it goes to all receivers in the system;
however, only the one with the specific address responds by
becoming susceptible to the instruction which follows and
in turn, responds to the instruction itself.

Automated A more complex system involving both a two-way flow of in-
System formation and automation could be illustrated by a lighting

control system designed to insure a certain minimum light
level at a point where natural light input is a significant
but variable factor. This system would be composed of (a)
a series of sensors (photo cells) evaluating conditions in
specific areas related to specific light sources, bus inter-
face units which identify where information is coming from
and what the information is, (b) a series of lights with
bus interface units which permit instructions to be selec-
tively received, (c) a central operating unit consisting of
the multiplexor which enables the single bus to handle in-
formation and signals from and to a large number of identi-
fiable points, and a small computer which interprets the
information, selects the appropriate course of action and
issues instructions to the multiplexor for transmission to
the appropriate device and (d) a bus connecting all bus
interface units and the multiplexor which permits a two-
way flow of information.

A system with three zones, each with a sensor and light,
might be desCribed as having sensors A, B and C which moni-
tor areas affected by lights 1, 2 and 3 respectively. The
central operating unit "polls" each of the sensors, one at
a time. It sends a signal to each sensor bus interface unit
which triggers it to release to the bus the information which
it generates. This is in the form of a series of pulses
which represent binary bits. This information is then taken
from the bus at the central operating unit and given to the
computer which determines whether it is in an acceptable
range. If the level coming from sensor A is too low, it
"instructs" light 1 to increase its output by transmitting
addressed signals via multiplexor and bus. If the level is
higher than required, the computer will instruct that light
1 reduce its output. These increases and decreases can be
achieved in very small increments since even a modest system
can "poll" hundreds of points in one second. The central
operating unit then goes on to poll sensor B and so forth.
This sequential information gathering and signal sending is
the basis for digital multiplexing. Because of the speed at
which immense numbers of binary digits (0 or 1) can be pro-
cessed, it is possible to send large quantities of short
messages one after another on a single path. By repeating the
entire series of messages every second or so and designing
the bus interface unit to wait for a succeeding signal or
two before initiating a change in the system it controls, it
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Binary Numbers

Summary of
Findings

is possible to send and receive selectively to large numbers
of points using this single path.

There are several advantages to using multiplexing as opposed
to unique signal carriers. The first is that large numbers
of functions can be controlled from a single point with a
minimum of wiring. The second, and perhaps the most impor-
tant is that adjustments, tuning, etc. can be carried out
without requiring changes in the physical installation of
Lhe control system. A signal directed to bus interface unit
B, for example, will get to the desired unit no matter where
on the bus it happens to be at any particular time. This

Hype of flexibility can be achieved eithcr by actually mov-
ing the interface units from one location to another or by
having them adjustable to repond to different addresses.

The advantage of using binary rather than decimal systems
for electronic information handling is that each digit or
bit is described as being in one of two states which is
signaled by a positive or negative pulse. With a decimal
system it would be necessary to be able to signal ten states
for each digit. Thus, while binary nunbers require more di-
gits than decimal numbers for equivalent information, it is
simpler and more reliable to use them in electronic communi-
cation. In describing the addressing of locations, the
number 1024 was mentioned. This is the decimal equivalent
of binary 1 1 1 1 1 1 1 1 1 1 which is the largest quantity
that can be represented by a ten bit binary figure. A t

cal address, say 343 in decimal would be represented as
0 1 0 1 0 1 0

bit weight

bit value

address

1 1 12 (binary).

512 256 128 64 32 16 8 4 2 1

0 1 0 1 0 1 0 1 1 1

256 + 64 + 16 + 4+ 2 +3. =343

Specific recommendations for system controls are included in
each section where systems are described. At the time of
this writing, the availability of solid state devices in-
cluding multiplexed control systems is rapidly increasing
with a corresponding reduction in cost. The present ached..

ule requires the installation of control systems in about
twenty-two months. By that time, it is anticipated that
most of the hardware discussed will be commonly available,
compact, reliable and economically competitive with mechani-
cal equivalents. If this is the case, a portion of the
control functions should be accomplished using solid state
systems.
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FUEL AND
ELECTRICITY USE
IN NYC SCHOOLS

summaries of
sub-reports

The following are brief summaries of detailed field
observations and statistical data contained in the sub
reports which provided the background information for
this report.

Fuel use records for all New York City public schools were
tabUlated and categorized. Selected samples were sub

jected to monthly and systemic analysis. The results
of emergency energy saving measures due to the 1973-74

ncrisid'were evaluated.

Annual fuel oil use averaggd 523 gal/msf/yr
7.32 x 101 btu/msf/yr

Annual coal use averaged 3.25 tons/msf/yr
9.49 x 10' btu/msf/yr

Electricity use in oil heated schools averaged
3861 kwh/msf/yr

Electricity use in coal heated schools averaged
3110 kwh/msf/yr

Total heating load average
6.78 x 1Cg btu/student/yr

Total electricity load averaged
289 kwh/student/yr

Total source fuel averaged 10.72 x 10
6
btu/student/yr

Energy use variations resulting from size and age group
ings appear to be related primarily to age, with older
buildings using more fuel oil and less electricity.

The major areas of energy input into New York City schools



are heating and lighting. Ventilating consumes a sub-

Summaries of stantial quantity of electricity and is responsible for

Sub-reports the greatest part of the heating load.

Emergency Energy Saving Measures instituted by the New
York City Board of Education resulted in average savings
of 24.4 percent of fuel oil and 20.0 percent of electri-
city usage in the sixteen sampled schools when compared
against the same months for the past three years.

OBSERVED Observed light levels in twenty classrooms have estab-
ENVIRONMENTAL lished that the normal eye has a remarkable ability to
CONDITIONS adapt.to widely ranging light levels. Measurements taken

in twenty classrooms have reinforced these findings. The

following observations were made: (1) Light intensities
were found to be extremely irregular. As reflected in
the light contours of the twenty classroom diagrams,
light conditions ranged far above and below currently
accepted standards. (the New York City Manual of School
Planning, 1971 specified 60 foot candles). (2) Light
levels were generally unrelated to the tasks being per-
formed. (3) With few exceptions, artificial illumination
was in full use, even though daylight, on a clear morning
was adequate in a substantial portion of the classrooms.
(4) Light control devices were generally used in a hap-
hazard manner, unrelated to actual needs. (5) Chalkboards
were invariably poorly lighted. Neither artificial light
nor natural light had been directed toward the chalk-
boards. (6) Teachers and students appeared unaware of.the
wide fluctuations of light intensities. (7) Light levels

fluctuated from minute to minute as clouds reduced the
amount of sunlight entering the rooms, reducing maximum
light by two thirds. (8) Teachers and pupils were un-
aware of light differences of 100 times and over in the
observed classrooms (.6 fc and 800 fc recorded in the same
space).

SCHOOL LIGHTING

Analysis of Observed Ventilation Performance. Tests were
conducted in actual classrooms to observe the effects of
various ventilation rates. According to the studies con-
ducted by the National Bureau of Standards, and by Dr.
Ralph G. Nevins the following ventilation rates were found
to be sufficient and safe:

1. General ventilation
for most activities 5 cfm/occupant

2. Ventilation in areas of
intense physical activities 15 cfm/occupant

I_EtiattSurveofLittreandCoMParative LiOting_of
Lighting,Standards. Light level specifications vary widely
as indicated by a survey of lighting standards recoMmended
by government agencies, lighting industry spokesmen,
professional organizations, scientists and others interest-
ed in the subject of school lighting. Included in the
study are excerpts from the literature on light level
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determination, lighting and ocular health, and daylighting

of schools.

As evident from the chart,."School Lighting Standards: A
Comparative Listing of Light Levels", there is little con-
sensus over the "ideal" light level for schoolrooms. Class-

room lighting recommendations, for example, range from ± 10
fc (British Government minimum standards of 10 lumens/sf);
to 30 fc (New York State Education Department minimum re-
quirements for Public Schools, 1973); to 60 fc (Manual of
School Planning for New York City Public Schools); to 70 fc
(Illumination Engineering Society recommendations from
'Lighting Handbook' 5th ed., 1972) . Actually, the debate
over light levels appears to be mostly theoretical, since
light, in a partially daylighted space, cannot be held to
an exact footcandle level. As observed in the 20 classrooms
(sub-report g-1),light levels ranged far above and far below
the 60 fc currently mired by the Board of Education. It

is important to note that teachers and pupils were generally
unaware of the wide light level fluctuations, and that these
flUctuations did not appear to interfere with the learning
process.

Of particular interest in the debate over school lighting
are the opinions of independent scientists and educators
whose special concern has been the subject of vision and .

light. Part two of the sub-report summarizes these findings
in a survey of the literature on light level determination,
lighting and ocular health, and daylighting of schools.
Britain's Building Research Station has found that at least
four-fifths of school children achieved good standards of
vision at 10 lumens/sf and could see well enough to do nor-
mal school work, such as reading 3/4" high writing on chalk-
board at a distance of 30 feet.

In the U.S., the data of Miles A. Tinker reveal that visual
acuity increases rapidly as light intensity is increased
from below 1 fc to 5 fc and then gradually increased up to
25 - 40 fc. As the illumination intensity is further in-
creased up to 100 fc or even above 1,000 fc, the improve-
ments in acuity are slight. Taking into consideration also
the effect of eye adaptation on visual efficiency, he con-
cluded that 15 -25 fc were adequate light intensities for
sustained reading of books and magazines; 25 - 35 fc for
reading of small print.

Effects of Light Levels on Reading Scores. In an attempt to
determine whether the modernization program carried out by
the Board of Education of New York had any effect on the
performance of pupils, standard reading/comprehension scores
recorded in schools before and after modernization were com-
pared with scores recorded in unaltered schools. The mod-
ernization program included the increase of artificial
lighting from 5 - 7 fc to a design level of 60 fc.
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e/4 The test results from 18 classes have been plotted (sub-*

Summaries of report h-3) and from these charts the following generaliza-

Sub-reports tions can be made:

During the six-year period, the average of reading scores
of all schools declined.

The modernized schools showed improved relative performance
in the year immediately after their renovation.

Two years after the renovation, the modernized schools
showed a relative decline and returned t mproximately the
same relative position from which they started.

EDUCATIONAL TASKS Observation of Typical School Tasks. This study consisted
AND ENVIRONMENTAL of an investigation into the typical activities of a
CONDITIONS school. A team of observers-architects and members of the

New York Board of Education recorded possible teaching/
learning activities, and listed concurrently: 1. The type
of student grouping (students working singly, in small.
groups, in standard class sizes or larger); 2. The presence
of teachers, para-professionals or other personnel; 3. The
types of teaching aides or special equipment; 4. The space
designation (classroom, art room, shops and specialized
teaching spaces, auditorium, cafeteria, corridor, library,
gymnasium, staff offices); and 5. The actual student sta-
tions (desks, carrel: station at equipment, etc.).

Assignment of desirable environmental values for Lighting,
Temperature, and Ventilation. Environmental values were
assigned to each of the separate tasks, based on direct ob-
servation, on the studies outlined in this report and in
the various sub-reports, and on surveys of the pertinent
literature.

By separating the educational activities into their com-
ponent parts, it was possible to be more specific in as-
signing values to the "desirable environmental conditions".
In the area of lighting, for example, this itemized system
has made it possible to assign light intensities to each
specific task. In contrast to the currently prescribed
uniformly high light levels(60 - 70 fc based on the light
requirements of the most exacting task within each space),
the alternative method suggests a lower ambient light
level, supplemented by light sources focused directly onto
specific educational tasks. This method offers several
advantages: First, it avoids fixed illumination levels
which tend to be monotonous and fatiguing. Second, the
brightest light levels will be concentrated on those teach-
ing/learning areas on which the attention of the student
should be focused. Third, it is expected that by these
means a large part of the electric consumption of a school
can be reduced.
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1 ANNUAL
ENERGY USAGE
FOR ALL SCHOOLS

.1
fuel and electricity use
in nyc schools -

The energy use in New York City schools was evaluated in
several different ways.

Annual usage for all schools. Based on the record keeping
methods of the New York City Board of Education, this was
broYan down into four major subgroups:

a) Fuel Oil Usage
b) Coal Usage
c) Electricity Usage in Oil Heated Schools
d) Electricity Usage in Coal Heated Schools

More detailed evaluation was based on samples taken from
the oil heated schools because of the greater similarity of
these schools to schools currently being constructed, which
in turn are the norm on which variations leading to the new
prototype are based.' This information is reported in this
section.

Annual Fuel Oil. and Electricity Usage by Building Size.
This information is reported in section f-2.

Annual Fuel Oil and Electricity Usage by Building Age. This
information is reported in section f-2.

Monthly Fuel Oil and Electricity Usage. This information is
reported in section f-3.

Profile of Energy_ Consumption_ in TYPical Building (Theoreti-

cal) This information is reported in section f-4.

Profile of Energy Consumption in Selected SChoolBuilAingh,
School #6 of the examples in the Monthly Fuel Oil and Elec-
tricity Usage section was subjected to a detailed analysis
by the National Bureau of Standards. Recorded data, on-
site visits and careful review of the construction drawings
provided the basis for a computer simulation, using the
NBSLD program. The resultiomrOjection of energy use were
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f-1/2 compared against the actual recorded fuel use. The results

Fuel and are included in the NBS Phase I Interim Report (a companion

Electricity Use document).

ereliminary Analysis of Energy -Savin Measures Initiated b
the New York City Board of Education 1973 -T +. This infor-

mation is reported in section f-5.

ANNUAL FUEL The fuel oil use records of 499 schools were evaluated for

OIL USAGE patterns and variations related to the mean consumption.

PATTERNS The sample represented 56,687 msf of building area. The

average size of sample was 113 msf. Data were taken for the

year 1972-73. A total of 29,641,068 gallons of oil was con-
sumed. The mecm for the schools was 519 gal/msf;standard
deviation was 154 gal/msf and the weighted average was 523
gal/msf, 210 buildings were above the average, 289 below it.

The portion of fuel use of the 210 high consumption schools
which is above the weighted average accounts for 2,738,800
gallons of oil annually or about 10 percent of the total;
769,100 gallons of this amount (almost 30 percent) were
used by 10 buildings ranging in size from 208 to 594 msf.
All but one of these schools were built before 1940 (aver-
age age, 42 years, average size 296 msf). Eight schools in

a similar size range (280-375 msf) but built after 1950
(average age 10 years) showed an average fuel oil usage of
432 gal/msf/yr, over 17 percent below the overall average.

Small sehools,:those below 50 m3f also showed a relatively
high overall energy use pattern. Twenty-two of the 39
buildings in this category were above the average in fuel

oil usage. In this size range, the six buildings built af-
ter 1950 exhibit a very high fuel use average of 727 gal/

msf/yr. From 50 to 59 msf, the average for schools built
after 1950 drops to 527 gal/msf/yr which is slightly above
the overall average. From 60 through 69 msf, the average
is 563 gal/msf/yr and from 70 to 79 msf the average is 550
gal/msf/yr.

The middle range of school sizes, 80 to 180 msf, exhibits
fuel use patterns sharply lower than the extreme. This

group includes 285 buildings comprising a total of 33,166

msf (59 percent of the total) yet it used 15,915,840 gal-
lons of fuel oil in 1972-73 (54 percent of the total).
These buildings use an average of 480 gal/msf/yr, showing
a saving of 43 gal/msf/yr when compared with the overall
average. It should be pointed out that this group was al-
so built recently, having an average age of 19 years.
Eighty-eight of the buildings in this group are above the
weighted average use of 523 gal/msf/yr and 197 below it.
That is 31 percent of the buildings in this group have
above average use as opposed to the overall group in which
42 percent are above average. Of the 88 schools in this
middle range which are above the average, 38 of the 88 were

built before 1950. If the range were further narrowed to
include only schools built after 1950, the data would be as
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f-1/3 follows: The sample is 234 schools having a total area of

Fuel and 27,602 msf and a fuel consumption of 12,621,031 gallons for

Electricity Use an average of 457 gal/msf/yr. Fifty of this group or about

21 percent fall above the weighted average for the total.

The group shows a standavd deviation of 110 gal/msf/yr from

a mean of 465 gal/msf/yr. These buildings between 80 and

180 msf in area and built after 1950 comprise 49 percent of

tl'e original sample (all oil-heated New York City Board of

Education Schools) and used 421/2 percent of the fuel oil.

If the 51 percent of the sample which remains (buildings

under 80 msf, over 180 msf or built before 1950) performed

as efficiently, the total fuel oil consumption would have

been 25,905,959 gallons of oil for the 1972-73 season, or

a saving of 3,735,000 gallons. It can be said that this

selected group of schools uses 1211 percent less fuel per

unit area than the overall group. If the low-energy-use

half of the sample discussed above is compared with the high-

energy-use half (157 gal/msf/yr against 585 gal/msf/yr) the

middle range schools use almost 22 percent less fuel oil per

unit area.

ANNUAL ELEC- The electrical energy 1.4se records of 461 schools were evalu-

TRICITY USAGE ated for patterns and variations related to mean consumption.

PATTERNS This group was taken from the 499 oil-fired schools.
Schools with incomplete electric records were deleted from

the sample. The sample represented 54,214 msf of building

area (average size per school 118 msf). Data were taken

for the year 1971-72. A total of 209,324,174 kwh was used

resulting in an overall average of 3,861 kwh/msf/yr for the

entire sample. The sample had a mean for all schools of
3,637 kwh/msf/yr and a standard deviation of 1,403 kwh/msf/

yr. The schools from 80 to 180 msf were analyzed. This

group included 269 schools with a total area of 30,671 msf.

The electrical use for these buildings was 108,648,499 kwh

or an average of 3,542 kwh/msf/yr. When the sc- hools built

before 1950 are dropped from the sample, it becomes a total
of 222 schools having a total area of 95,471 msf, a total

annual electricity usage of 91,449,099 kwh or an average of
3,590 kwh/msf/yr and a standard deviation of 1,445 kwh/msf/

yr from a mean of 3,883 kwh/msf/yr. It is interesting to
note that in this case,unlike that for fuel oil, the effect
of the older buildings in the sample is relatively smaXl.

CONCLUSIONS

The smaller schools, 0 to 79 msf included 139 buildings with
a total area of 8,584 msf and a total annual electric use

of 26,344,085 kwh for, an average of 3,069 kwh/msf/yr, and
a standard deviation of 1,206 kwh/msf/yr from a mean of

3,126 kwh/msf/yr.

Schools larger than 180 msf included 53 buildings having a
total area of 14,960 msf and a total annual electric use of

65,817,300 kwh or an average of 4,400 kwh/msf/yr.

These data raise several significant questions regarding the
energy consumed in the sample. In the case of the fuel oil

use, it is useful to isolate the factors which have led to
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f-1/4 the pronounced drop in use in more .?ecent buildings in or.
Fuel and der to codify or reinforce these factors in new New York
Electricity Use City school buildings and to make the accumulated working

knowledge obtained by the Board of Education available to
other building agencies wYch flf.) not have the same experi-
ence. It is also important to iuentify the factors which
have resulted in the wide range of usage patterns within
each group. These local variations are also important with
respect to electrical usage, since these records indicate
wide fluctuations from building to building without estab-
lishing the same clear pattern of change shown by the fuel
oil usage.

Performance of
Equipment and
Fuel Use

The first factor which can be cited in the reduction of fuel
oil use in recent buildings is the improved performance of.
new equipment. Boiler efficiencies have steadily increased,
control and monitoring equipment has progressed and delivery
devices have become more precise in their performance. It

should be pointed out that this holds true for buildings
which use the standard method of low pressure steam to con-
vectors or radiators in most areas, and coil-heated air to
large spaces such as the gymnasium and auditorium. The
observed experience thus far with more complex systems is
that they use considerably more fuel oil in their operation.
It is worth noting that the major failings of these systems
(unit ventilators with dampers controlling outside ait) seem
to result directly from their multiplicity of controlled op-
erations, and from the failure of these operatIons to func-
tion properly. The consequences are over-delivery of heat
and lack of proper maintenance of these systems due to the
inability of a conventionally sized school maintenance staff
to deal with the complex equipment.

Control of Energy A second factor of major importance is the improved thermal
Loss by Conduction performance of component parts of buildings. This relates
and Infiltration to both factory and field assembledelements and includes

control of energy loss by conduction and infiltration. Re-
cent standards adopted by the Board of Education have rein-
forced the trend in this direction, however, it will be
several years before the results of these standards begin
to appear in the records. Of particular concern in most
school construction is the roof since schools, being rela-
tively low buildings, have a high percentage of roof area.
The following up-dated design criteria were specified by
the Division of School Buildings on February 27, 1974:

A. Walls shall haw; U-value of 0.10
B. Roofs shall have U-value of 0.12
C. Double-hung windows: the air infiltration per-

mitted shall not exceed .250 cfm/running foot
of sash perimeter at a wind velocity of 25 mph.

D. Projected-type windows: the air infiltration
permitted shall not exceed .125 cfm/running foot
of sash perimeter at a wind velocity of 25 mph.

139



Configuration A third important factor in fuel use is the configuration of

of Building the building package itself. Newer building techniques and

and Fuel Usage mechanical systems have permitted lower floor-to-floor
heights thereby reducing the amount of exterior surface
which acts as a radiator to the outside. If a 100 ft by

200 ft by four-story building has a floor-to-floor height
reduced from 1510" to 1210", this results in a 20 percent
reduction in exterior wall surface or a 13 percent reduction
in total exterior surface, including the roof. It is impor-

tant here to note the difference between useful and wasted
exterior surface. The typical recent school building with
5'0" to 6'o" high windows running continuously along the
outside walls of the classrooms is potentially an energy
saving arrangement (see studies on 'Building Skin' and
'Solar Energy') due to the ability to capture natural light,
ventilation, and in some cases, heat, which compensates for
the added heat loss through glass. On the other hand, it is
generally desirable to hold to a minimum those exterior
walls that do not take advantage of the natural environmen-
tal services available. These walls serve only as a means
of uncontrolled transmission of energy to the outside. It

is worth noting two school buildings observed which could
be described as "windowless" i.e., windows were provided
only to give visual contact with the outdoors but not used
to modify in any way the interior environment. These

buildings, although in the low fuel use grouping by age
and size, exhibited extremely high fuel oil consumption,
one having the seventh highest use per sf of all 499
schools observed.



SUMMARY OF

ENERGY USE

f-1/6

Fuel Oil
Number of Schools

Total Gross Area
Annual Oil Usage (72-73)
Btu Equivalent

Coal
Number of Schools
Total Gross Area
Annual Coal Usage (71-72)
Average Annual Coal Usage
Btu Equivalent

499

56,678
29,641,068

523
7.32 x 107

454

35,263
114,632

3.22
9.49 x 10

msf
gallons
gal/msf/yr
btu/msf/yr

msf
tons
tons/msf/yr

btu/msf/yr

Electricity in Oil-Heated Schools
Number of Schools 461
Total Gross Area 54,214 msf
Annual Electricity Usage(71-72) 209,324,174 kwh
Average Annual Usage 3,861 kwh/msf/yr
Btu Equivalent at School 1.32 x 107 btu/msf/yr
Btu Equivalent at Generator 5.27 x 107 btu/msf/yr

Electricity in Coal-Heated Schools
Number of Schools 461
Total Gross Area 35,590 msf
Annual Electricity Usage(71-72) 110,703,317 kwh
Average Annual Electricity Usage 3,110 kwh/msf/yr
Btu bqlivalent at School 1.06 x 107 btu/msf/yr
Btu Equivalent at Generator 4.24 x 107 btu/msf/yr

Total Heating Load
Btu Equivalent of Oil Used =

Btu Equivalent of Coal Used =
Total Btu Equivalent

14.15 x 1012 btu/yr

3.35 x 1012 btu/yr
7.50 x 1012 btu/yr

The Current School Population is 1,106,809 students
resulting in: 6.78 x 10 btu/yr/student

Total Electric Load (at Generator)
Total Electricity Used
in Oil-Heated Schools: 209,324,174 kwh/yr
Total Electricity used
in Coal-Heated Schools:

Which results in
Btu Equivalent at School
Btu Equivalent at Generator

110,703,317 kwh/yr
320,027,491 kwh/yr

289 kwh/yr/student
0.99 x 106
3.94 x 10' btu/yr/student

Total Source Fuel Use by New York

City Board of Education
Btu Equivalent Total 11.87 x 1012 btu/yr
which results in 10.72 x 106 btu/yr/student
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fuel and electricity use
in nyc schools

20ANNUAL Annual Fuel Oil and Electricity Usage by Building Size. A

ENERGY USAGE series of building size ranges were selected and the average

BY SCHOOL annual energy usages for all buildings within each range

SIZE AND AGE were determined. The results of this study are shown in

figures f-2/l to f -2/4. Purpose of the study was to deter-

mine whether there was any correlation between building size

and energy use. It was anticipated that the major factor

affecting these groupings would be the differences in pro-

grams of small (generally, elementary schools) and large

(generally, high schools) buildings. Plotting of the data,

however, produced no clear relationship between size and

energy use. What was observed is that because building

programs stressed certain types of schools at certain times,.

the different size categories have distinctly different av-

erage ages. When these average ages were plotted against

fuel oil use, it was possible to generate similar trends..

This was primarily important in suggesting the next evalua-

tion since the results of these plots is of limited use due

to the fact that the actual spread of ages is not shown.

The average years of construction of the schools and the

number of samples in each range. are also shown in the illus-

trations.

Annual Fuel Oil and Electricity Usage by Building Age. The

same group of buildings evaluated in the. previous study were

rearranged into groups based on the year of completion.

Each group covered a ten-year period. The results are shown

in figuresN2/5 to f-2/8.The purpose of this study was to

determine whether there was any correlation between the

time when a building was constructed and energy use. The

major factors anticipated as affecting these groupings are

changes in building configuration, construction standards,

mechanical technology and the general year and tear on the

olckrbuildings. A clear pattern was found in fuel oil use

showing a steadily decreasing consumption for newer schools.

The average sizes of the schools and the number of samples

f-2/1 in each range are also shown in the illustrations.
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f-2/2
Fuel and
Electricity Use

Area
(NYC B of E

Definition)
msf

Average Year
of

Completion

Number of
Schools
in Sample

gal/msf/
Deg. Day

1970-1973

20 - 30 1922 7 .143
45 - 55 1946 8 .133
65 - 75 1948 51 .126
95 - 105 1952 20 .107

145 - 155 1960 30 .093
185 - 215 1931 6 .125
235 - 265 1945 19 .123
285 - 325 1948 7 .111
325 - 375 1943 4 .141
375 - 325 1930 2 .115

ALL SCHOOLS 155 .118

FIGURE f-2/1:
LOW ENERGY

UTILIZATION
SCHOOL
FUEL OIL USE
BY BUILDING
SIZE

Note: Data supplied by Board of Education, City of New Ybrk
Division of School Building, Office of Fuel Management.
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t-2/4

Fuel and
Electricity Use

Area
(NYC B of E
Definition)
msf

Average Year
of

Completion

Number of
Schools

in Sample
kVhtmsftyr
1970-1971

20 - 30 1917 6 2996
45 - 55 1946 8 3129
65 - 75 1948 48 3059
95 - 105 1951 19 4107

145 - 155 1960 29 3618
185 - 215 1931 6 3293
235 - 265 1945 20 4799
285 - 325 1948 7 4076
325 - 375 1945 3 3574
375 - 425 1930 3 3194

ALL SCHOOLS 149 3668

FIGURE f-2/3:
LOW ENERGY

UTILIZATION
SCHOOL
ELECTRICITY
USE BY
BUILDING
SIZE

Note: Data supplied by Board of Education, City of New York
Division of School Building, Office of Fuel Management.
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f-2/6

FUel and

Electricity Use

Year
of
Completion

Average Area

(msf)

Number of
Schools

in Sample

gal/maff
Deg. Day
1970-1973

1900-1909 32 4 .146
1910-1919 120 2 .155
1920-1929 246 9 .146
1930-1939 180 16 .139
1940-1949 92 12 .134
1950-1959 118 39 .123
1960-1969 149 48 .096

ALL SCHOOLS 130 .134

Note: Data supplied by Board of Education, City of New York
Division of School Building, Office of Fuel Management

FIGURE f-2/5
LOW ENERGY
UTILIZATION
SCHOOL
FUEL OIL USE
BY AGE
OF SCHOOL
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awl and
Electricity Use

SIZE OF SCHOOL IN MSF (AVERAGE)
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GALLONS OF No. 6 FUEL OIL / MSF/ DEGREE DAY
(AVERAGE 1970-73)

FIGURE f-2/6:
LOW ENERGY
UTILIZATION
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BY AGE
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Fuel and
Electricity Use

Year
of
Completion

Average
Area
(msf)

Number of
Schools

in Sample

kwhtmsftyr

1970-1971

1900-1909 48 6 3420
1910-1919 100 3 3093
1920-1929 245 9 4215
1930-1939 167 15 3630
1940-1949 109 12 3725

1950-1959 114 36 3507
1960-1969 135 46 4056

AMEN.

ALL SCHOOLS 127 3664

FIGURE f-2/7
LOW ENERGY
UTILIZATION
SCHOOL
ELECTRICITY
USE BY
AGE OF
SCHOOL

Note: Data supplied by Board of Education, City of New York
Division of School Building, Office of Fuel Management.



f -2/9

Fuel and
Electricity Use

FIGURE f-2/8:
LOW ENERGY
UTILIZATION
SCHOOL
ELECTRICITY
USE BY
AGE OF
SCHOOL

SIZE OF SCHOOL IN MSF (AVERAGE)

144 g

t

13'41 ilj
lA

V%

I I
KWH I MSF/ YEAR (1970 -71)

150



f.3
fuel and electricity use
in nyc schools

30 MONTHLY Monthly Fuel Oil and Electricity Usage. The monthly recois

USAGE OF of fuel oil and electricity use for sixteen recent inter-

SELECTED mediate and high schools were gathered and are presented on

SAMPLES the following pages. Of particular interest within the in-
formation covering each school is the comparison of the
three years 70-71 to 72-73 with 73 -71&. In November and

December 1973, an emergency effort towards energy conserva-
tion was made in response to the fuel crisis.



f-3/ 3 SCHOOL NO. 1: High School, Brooklyn

Fuel and Year of Completion: 1964

Electricity Use

FIGURE f-3/1:
SCHOOL NO. 1

BUILDING DESCRIPTION

Size: 248 msf
Floor to Floor Height: 10'-8 5/8"

Type of Construction: reinf. conc.

Skin: 4" glazed brick, 2" air, 6" block
No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 40

Ratio: Window Area to Typical Classroom Area: 19%
Ceiling Height of Typical Classroom: 8'5"
Roof Insulation: 2"

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 6 gal/hr

Type of Boiler: fire box

Heating System: steam radiation/vacuum return

Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: open window

Type of Exhaust System: central fan

Cfm/Typical Classroom: 560

Air-Conditioning: none

Gymnasium Auditorium
CFM: 20,400 21,100

% Outside Air: 100 100'

Recirculation: yes yes

Controls: manual manual

ELECTRICAL

Watts /sfrpical Classrooms 2.4 Fixtures: fluorescent

Watts/sf Corridor: 0.92 Fixtures: fluorescent

Total Fan H.P.: 93

Total Pump H.P.: negligible
Total Refrigeration H.P.: none

Electric Kitchens yes
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f-3/7 SCHOOL NO. 2: HIGH SCHOOL, QUEENS
Fuel and Year of Completion: 1960
Electricity Use

FIGURE f-3/4:

SCHOOL NO. 2

BUILDING DESCRIPTION

Size: 246 msf
Foor to Floor Height: ± 11'-0"

Type of Construction: NA
Skin: 4" brick, 2" air, 6" block
No. of Levels:
Ratio: Window Area to Skin Area of Typical

Classroom Elevation: 38%

Ratio: Window Area to Typical Classroom Area: 14%
Ceiling Height of Typical Classroom: NA
Roof Insulation: NA

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 62 gal/hr
Type of Boiler: fire box
Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: open window
Type of Exhaust System: central fan
Cfm /Typical Classroom: 560
Air-Conditioning: none

Gymnasium Auditorium
C FM: 21,000 19,200

% Outside Air: 100
Recirculation: yes
Controls: manual

ELECTRICAL

Watts/sf Typical Classroom: 2.75
Watts/sf Corridor: 1.3
Total an H.P.: 100
Total Pump H.P.: negligible
Total Refrigeration H.P.: none
Electric Kitchen: yes

I. 155

Fixtures: fluorescent
Fixtures: fluorescent
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Fuel and
Electricity Use
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3. and

Electricity Use

FIGURE Z-3/7:
SCHOOL NO. 3

SCHOOL NO. 3: INTERMEDIATE SCHOOL, MANHATTAN

Yeah. of Completion: 1966

BUILDING DESCRIPTION

Size: 170 msf
Floor to Floor Height: 10'-6"

Type of Construction: reinf. conc.

Skin: 4" brick, 2" air, 4" block
No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 0%

Ratio: Window Area to Typical Clssroom Area: 0% (windowless

Ceiling Height of Typical Classrm: 8' -0" school)

Roof Insulation: lightweight conc. fill of varying depth

BOILER PLANT

No. of Boilers: 3

Burner Capacity: 99 gal/hr
Type of Boiler: fire box

Heating System: hot water
Type of D.H.W. Generation: heat exhanger

VENTILATION SYSTEM

Type: unit ventilators & fan coils

Type of Exhaust System: central fan

Cfm/Typical Classrm: 550

Air-Conditioning: absorption type

gymnasium Auditorium

CFM: 16.940 13,700

% Outside Air: 100 100

Recirculation: yes yes

Controls: auto auto

ELECTRICAL

Watts/sf Typical Classrm: 5.5 Fixtures: fluorescent

Watts/sf Corridor: 2.5 Fixtures: fluorescent

Total Fan H.P.: 80

Total Pump H.P.: 120
Total Refrigeration H.P.: none

Electric Kitchen: yes

1.561
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f-3/15
Fuel and
Electricity Use

FIGURE f-3/9:

SCHOOL NO. 4

SCHOOL NO. 4: HIGH SCHOOL, BROOKLYN
Year of Completion: 1958

BUILDING DESCRIPTION

Size: 300 msf
Floor to Floor Height: 11'-4"
Type of Construction: reinf. conc./waffle slab foors
Skin: 4" brick, 2" air, 6" block
No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 56%

Ratio: Window Area to Typical Classroom Area:
Ceiling Height of Typical Classroom: 8'-0"
Roof Insulation:

BOILER PLANT

No. of Bois.: 4

ner Capacity: 60 gAl/hr
e of Boiler: fire box

Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: open window
Type of Exhaust System: stack
Cfm/Typical Classroom: 560
Air-Conditoning: none

Gymnasium Auditorium
CFM: 21,600 33,000

%Outside Air: 100 100
Recirculation: yes yes
Controls manual manual

ELECTRICAL

Watts/sf Typical Classroom:
Watts/sf Corridor:
Total Fan H.P.: 80

Total Pump H.P.:
Total Refrigeration H.P.:
Electric Kitchen: yes

161

Fixtures:
Fixtures:
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Fuel and
Electricity Use

FIGURE f-3/10:
SCHOOL NO. le
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f- 3/1 9 SCHOOL NO. 5: HIGH SCHOOL, QUEENS

Fuel and Year of Completion: 1955

Electricity Use

FIGURE f-3/12:
SCHOOL NO. 5

BUILDING DESCRIPTION

Size: 311 msf
Floor to Floor Height: 10' 8 5/8"

Type of Construction: reinf. conc.

Skin: 4" brick, 2" air, 6" block

No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 39%

Ratio: Window Area to Typical Classroom Area: 19%

Ceiling Height of Typical Classroom: 10' -8"

Roof Insulation:

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 65 gal/hr
Type of Boiler: fire box

Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat e,changer

VENTILATION SYSTEM

Type: open window
Type of Exhaust System: central fan

Cfm/Typical Classrm: 560

Air-Conditioning: none

CFM:

Gymnasium Auditorium

32,500

% Outside Air: 100 100

Recirculation: yes yes

Controls: manual manual

ELECTRICAL

Watts/sf Typical Classroom: 2.5 Fixtures: fluorescent

Watts/sf Corridor: 1 Fixtures: incandescent

Total Fan H.P.: 135
Total Pump H.P.: negligible
Total Refrigeration H.P.: none

Electric Kitchen: yes
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f-3/23
Fuel and
Electricity Use

FIGURE f-3/15:
SCHOOL NO. 6

SCHOOL NO. 6: HIGH SCHOOL, QUEENS

Year of Completion: 1966

BUILDING DESCRIPTION:

Size: 284 msf
Floor to Floor Height: 12' -81/4" avg.

Type of Construction: steel, cone. floor slabs

Skin: 4" brick, 2" air, 6" block
No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 29%

Ratio: Window Area to Typical Classroom Area: 14%

Ceiling Height of Typical Classroom: 9' -0"
Roof Insulation:

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 99 gal/hr
Type of Boiler: fire box
Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: open window
Type of Exhaust System: central fan
Cfm/Typical Classroom: 560

Air-Conditioning: electric centrifugal

Gymnasium Auditorium

CFM: 5,000 23,00

% Outside Air: 100 100

Recirculation: yes yes

Controls: auto auto

ELECTRICAL

Watts/sf Typical Classrm: 2.3 Fixtures: fluorescent

Watts/sf Corridor: 1 Fixtures: fluorescent

Total Fn H.P.: 230

Total Pump H.P.:
Total Refrigeration H.P.: 260

Electric Kitchen:

16?



Fuel and
Electricity Use

FIGURE f.3/16:
SCHOOL NO. 6

JJ A SONOJF
MONTH

FUEL OIL USAGE
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g GOO
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MONTH

ELECTRICITY USAGE

F Al A M J

SCHOOL NO. 6: HIGH SCHOOL, QUEENS
SIZE; 264 NSF
YEAR OF COMPLETION: 1966
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f-3/27
Fuel and
Electricity Use

FIGURE f-3/18:
SCHOOL NO. 7

SCHOOL NO. 7: HIGH SCHOOL, QUEENS
Year of Completion: 1965

BUILDING DESCRIPTION

Size: 254 msf
Floor to Floor Height: 10' -0"

Type of Construction: reinf. conc.

Skin: 4" brick, 2" air, 6" block

No. et Levels: 3

Ratio: %Mew Area to skin Area of Typical
Classroom Elevation: 58%

Ratio: Window Area to Typical Classroom Area: 19%

Ceiling Height of Typical Classroom: 9' -0"

Roof Insulation: 1"

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 113 gal/hr

Type of Boiler: fire box

Heating System: steam radiation/vacuum return

Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: open window
Type of Exhaust System: central fan

Cfm/Typical Classroom: 540

Air-Conditioning: none

Gymnasium Auditorium

CFM: 51,000 36,000

% Outside Air: 100 100

Recirculation: yes yes

Controls: auto auto

ELECTRICAL

Watts/sf Typical Classroom: 2.75 Fixtures: fluorescent

Watts/sf Corridor: 0.85 Fixtures:. fluorescent

Total Fan H.P.: 125

Total Pump H.P.: negligible

Total Refrigeration H.P.: none

Electric Kitchen:
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Fuel and
Electricity Use

FIGURE f-3/19:
SCHOOL NO. 7
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f-3/31
Fuel and
Electricity Use

FIGURE f-3/21:
SCHOOL NO. 8

scaou NO. 8: HIGH SCHOOL, BRONX
Year of Completion: 1969

BUILDING DESCRIPTION:

Size: ' 371 msf
Floor to Floor Height: 11' -0"
Type of Construction: steel, conc. floor slab

Skin: 4" brick, 2" air, 6" block
No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 50%

Ratio: Window Area to Typical Classroom Area: 19%
Ceiling Height of Typical Classroom: 8' -9"

Roof Insulation: 2"

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 93 gal/hr
Type of Boiler: compact
Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: open window
Type of:.Exhaust System: combination central fan & stack
Cfm/Typical Classroom: 560

Air-Conditioning: none

Gymnasium, Auditorium
CFM: 52,000 33,600

% Outside Air: 100 100

Recirculation: yes yes
Controls: auto auto

ELECTRICAL

Watts/sf Typical Classroom: 2.3
Watts/sf Corridor: 1

Total Fan H.P.: 130
Total Pump H.P.: negligible
Total Refrigeration H.P.: none
Electric Kitchen: yes

173

Fixtures: fluorescent
Fixtures: fluorescent
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FIGURE f-3/22:
SCHOOL NO. 8
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f-3/35 SCHOOL NO. 9: HIGH SCHOOL, QUEENS

Fuel and Year of Completion: 1964

Electricity Use

FIGURE f-3/24:
SCHOOL NO 9

BUILDING DESCRIPTION

Size: 254 mss'

Floor to Floor Height: 10' -0"
Type of Construction: reinf. conc.

Skin: 4" brick, 2" air, 6" block
No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 50%

Ratio: Window Area to Typical Classroom: 91 -3"
Roof Insulation: conc. topping

BOILER PLANT

No of Boilers: 4

Burner Capacity: 113 gal/hr
Type of Boiler: fire box
Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: open window
Type of Exhaust System: central fan
Cfm/Typical Classroom: 540

Air-Conditioning: none

Gymnasium Auditorium
CFM: 51,000 36,000

% Outside Air: 100 100
Recirculation: yes yes
Controls: manual manual

ELECTRICAL

Watts/sf Typical Classroom: 2.85
Watts/sf Corridor: 0.85
Total an H.P.: 125
Total Pump H.P.: negligible
Total Refrigeration H.P.: none

Electric Kitchen: yes

176

Fixtures: fluorescent
Fixtures: fluorescent



f-3/36

Fuel and
Electricity Use

in

FIGURE f-3/25:

SCHOOL NO. 9
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FUEL OIL USAGE
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SCHOOL No. 9 HIGH SCHOOL, QUEENS
SIZE: 254 0411F

177 YEAR OF COMPLETION: 1^ 24
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FIGURE f-3/27:

SCHOOL NO 10

SCHOOL NO. 10: HIGH SCHOOL, BROOKLYN

Year of Completion: 1969

BUILDING DESCRIPTION

Size: 404 msf
Floor to Floor Height: 10' -51/2 "

Type of Construction: reinf. conc./conc. waffle slabs
Skin: 4" brick, 2" air, 6" block
No. of Level 4

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 37%

Ratio: Window Area to Typical Classroom Area: 14%
Ceiling Height of Typical Classroom: 10' -0"
Roof Insulation: 2"

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 115 gal/hr
Type of Boiler: fire box
Heating System: steam radiation/vacuum return
Type of D.H.W. Grieration: heat exchanger

VENTILATION SYSTEM

Type: opea window
Type of Exhaust System: central. fan

Cfm/Typical Classroom: 560

Air-Conditioning: none

(FM:
Gymnasium Auditorium

/7,000 39,500

% Outside Air: 100 100
Recirculation: yes yes
Controls:. auto auto

ELECTRICAL

Watts/sf Typical. Classrrn: 2

Watts/sf Corridor: 0.8
Total Fan H.P.: 220

Total Pump H.r.: negligible
Total Refrigeration HoP.: none
Electric Kitchen: Yes

179

Fixtures: fluorescent
Fixtures: fluorescent
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f-/143 SCHOOL NO. 11: Intermediate School, Brooklyn
Kiel and Year of Completion: 1970
Electricity Use

FIGURE f-3/30:
SCHOOL NO, 11

BUILDING DESCRIPTION

Size: 169 msf
Floor to Floor Height: 10°-6"
Type of Construction: steel, conc. floor slab
Skin: 10 brick, 6" block, no air space
No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 41%

Ratio: Window Area to Typical Classroom Area 15%
Ceiling Height of Typical Classroom: 10'-0"
Roof Insulation:

BOILER PLANT

No. of Boilers: 3

Burner Capacity: 65 gal/hr
Type of toiler: fire box
Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: G7en window
Type of Exhaust System: stack
Cfm/Typical Classroom: 560
Air-Conditioning:

iliMitia...litun Auditorium
UM: 22;600 15,750

% Outside Air 100 100
Recirculation: yes yes
Controls: auto auto

ELECTRICAL

Watts/st Typical Classroom:
Watts/st Corridor:
Total Fan H.P.: 52
Total Pump H.15,:

Total Refrigeration H.P.:
Electric Kitchen:

182

Fixtures:
Fixtures:
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PIOURE f..3/31:
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1
1 6.59 1 3-55

1 1 4.73 1 4.73

1 S.92 1 3.SS I 2.70

42.60 11.07 I 34.32 17.75

48.13 I 64.26

1

37.28

68.361 66.06 1 58.99 1 38.60

68.02 I 94.67 1 80.09 1 44.97

72.99 72.99 I 62.72 1 62.27

I 37.50 1 47.53 1 62.13I67.66

29.47 1 42.56 I 32.78 I 30.18

70-71 171-72 172 -73 173-74

1 '263 I 234

937 I 220 199

220 1 312 312

362 433 405

419 447 405

1079 412 426 3SS

1160 412 440 377

407 398 1 362 327

791 419 405 355

540 376 405 284

490 440 433

341 419 355

SCHOOL NO. INTFAMEOIATE S(. 4C

SROOKLVR

WI: 169 msp
YEAR OF COMPLETION :51.113

1/0.11 171-72 172 -73 73-74

I 216 120

144 192 108

1 996 276 .

i 288 300 280

I 276 288 300

562 288 276

600 264 300 264

300 264 264 262

276 1 288 288 280

288 288 264 252

276 300 288

240 276 252



f -3/47

Fuel and
Electricity Use

P/OUE f -3/33
SCHOOL NO. 12

SCHOOL NO . 12: High School, Brooklyn
Year of Completion: 1969

ti

BUILDING DESCRIPTION

Size: 282 msf

Floor to Floor Height:
Type of Construction:

Skin: 10 1/2" masonry,

No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 49%

Ratio: Window Area to Typical Classroom Area: 21%

Ceiling Height of Typical Classroom: 11'-3"

Roof Insulation: 2"

11'-9"
steel, conc. Floor slab
2" air, 3" plaster

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 93 gal/hr

Type of Boiler: fire box
Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat exchanger

IEUTINEEMIELII

Type: open window
Type of Exhaust System:
Cfm /Typical Classroom
Air-Conditioning:

CFI:

% Outside Air:
Recirculation:
Controls:

centre:; fan

560

none

Gymnasium

56,150

100
yes
auto

Auditorium

33-76-
100
yes
auto

ELECTRICAL

Watts/sf Typical Classrooms 2 Fixtures: fluorescent

Watts/sf Corridor: 1.5 Fixtures: fluorescent

Total Pan H.P.: 230

Total Pump H.P.: negligible
Total Refrigeration H.P.: none

Electric Kitchen: yes

185
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f-3/51 SCHOOL NO. 13: Intermediate School, Brooklyn

Fuel and Year of Completion: 1963

Electricity Use

"IMRE f-3/361
SCHOOL NO. 13

BUILDING DESCRIPTION

Size: 188 msf
Floor to Floor Height: 10'-6"

Type of Construction: reinf. conc.

Skin: 4" brick, 2" air, 6" block

No. of Levels: 3

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 52%

Ratio: Window Area to Typical Classroom Area: 37%

Ceiling Height of Typical Classroom: 10'-0"

Roof Insulation:

BOILER PLANT

No. of Boilers: 4

Burner Capacity:
Type of Boiler: fire box

Heating System: steam radiation/vacuum return

Type of D.H.W. Generation: hest exchanger

VENTILATION SYSTEM

Type: open window
Type of Exhaust System: central fan

CfM/Typical Classroom: 560

Air-Conditioning: none

CF14,1:

% Outside Air:
Recirculu;ion:
Controls:

Gymnasium Auditorium
14,750 14,650

100 100

yes yes .

manual manual

ELECTRICAL

Watts /sf Typical Classroom: 2.4
Watts/of Corridor: 1

Total an H.P.: 41

Total Pump H.P.: negligible

Total Refrigeration H.P.: none

Electric Kitchen:

'188

Fixtures: fluorescent
Fixtures: fluorescent
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Fuel and
Electricity Use

FIGURE f-3/ 37
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f-3/.55 SCHOOL NO. 14: Higher School, Manhattan

Fuel and Year of Completion: 1958

Electricity Use

FIGURE f -3/29:

SCHOOL NO. 14

BUILDING DESCRIPTION

Size: 251 mst
Floor to Floor Height: 12'-0"

Type of Construction: steel, cone. floor slab

Skin: 4" glass block
No. of Levels: 7

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 25%

Ratio: Window Area to Typical Classroom Area: 12%

Ceiling Height of Typical Classroom: 11'6"

Roof Insulation: 2"

BOILER PLANT,

No. of Boilers: 3

Burner Capacity: 100 gal/hr

Type of Boiler: fire box

Heating System: steam radiation/vacuum return.

Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

'Type: open window
Type of Exhaust System: central fan

Cfm/Typical Classroom: 600

Air-Conditioning: none

CFM:

Gymnasium Auditorium
14,000

% Outside Air: 100. 100

Recirculation: yes yes

Controls: manual manual

ELECTRICAL

Watts/sf Typical Classroom: 2.4 Fixtures: fluorescent

Watts/sf Corridor: 0.8 Fixtures: incandescent

Total Fan W.: 45

Total Pump H.P.: negligible

Total Refrigeration H.P.: none

Electric Xitchen:

191
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f-3/59 SCHOOL NO. 15: High School, Bronx

Fuel and Year of Completion: 1959

Electricity Use

FIGURE f-3/42:
SCHOOL NO. 15

BUILDING DESCRIPTION

Size: 288 msf
Floor to Floor Height:
Type of Construction:
Skin: 10"-12" masonry,
No. of Levels: 4

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 52%

Ratio: Window Area to Typical Classroom Area: 25%

Ceiling Height of Typical Classroom: ll'-0"

Roof Insulation: 2"

1l' -8 5/8"

reinf. conc.
no air space

BOILER PLANT

No. of Boilers: 4

Burner Capacity: 55 gal/hr

Type of Boiler: fire box

Heating System: steam radiation/vacuum return

Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: open window
Type of Exhaust System: central fan

Cfm/Typical Classroom: 560

Air-Conditioning: none

CFM:

% Outside Air:
Recirculation:
Controls:

Gymnasium
40,300

100
yes

manual

Auditorium
30,000

100
yes

manual

ELECTRICAL

Watts/sf Typical Classroom: 2.4 Fixtures: fluorescent

Watts /of Corridor: 1

Total Fan H.P.: 120

Total Pump H.P.: negligible

Total Refrigeration H.P.: none

Electric Kitchen: yes
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Fixtures: incandescent
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f-3/6 3

Fuel and
Electricity Use

FIGURE f-3/45:
SCHOOL NO. 16

SCHOOL NO. 16: Intermediate School, Brooklyn
Year of Completion: 1968

BUILDING DESCRIPTION

Size: 164 msf
Floor to Floor Height: 10'-8"

Type of Construction: reinf. conc./waffle slabs
Skin: 4" brick, 2" air, 4" block
No. of Levels: 4

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 5%

Ratio: Window Area to Typical Classroom Area: 2%

Ceiling Height of Typical Classroom: 10°-4"

Roof Insulation:

BOILER PLANT

No. of Boilers: 3

Burner Capacity: 58.8 gal/hr
Type of Boiler: fire box
Heating System: steam radiation/vacuum return
Type of D.H.W. Generation: heat exchanger

VENTILATION SYSTEM

Type: cabinet
Type of Exhaust System: central fan

Cfm/Typical Classroom: 560

Air Conditioning: none

Gymnasium Auditorium

CFM: 12,300 13,100

% Outside Air: 100 100

Recirculation: yes no

Controls: auto

ELECTRICAL

Watts/sf Typical Classroom: 2.7 Fixtures: fluorescent

Watts/sf Corridor: 2 Fixtures: fluorescent

Total Fan H.P.: 63
Total Pump H.P.: negligible

Total Refrigeration H.P.: none

Electric Kitchen: yes
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Fuel and
Electricity Use

FIGURE f -3/146:
SCHOOL NO. 16

J J AS
FUEL OIL USAGE

0 N

MONTH
0 J F M A

71 -72
73 -74
72 -73
70 - 71

A SONOJ
MONTH

ELECTRICITY USAGE

F M A t. J

SCHOOL No. 16 : INTERMED4ATE SCHOOL , BROOKLYN
SIZE : 14 MSF
YEAR OF COMPLETION : INS
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f-3/67
Fuel and
Electricity Use

For the purposes of comparison with New York City Schools
the energy uses of five suburban schools have been recorded
on the following page. Fuel and electricity consumption
figures reflect economy measures instituted December 1, 1973,
and maintained for a ten-mppeperiod.



f-3/68 SURBURBAN SCHOOL NO. 1

Fuel and Year of Completion: 1957
Electricity Use

BUILDING DESCRIPTION

Size: 350 msf
Floor to Floor Height: 10' 9"
Type of Construction: steel frame

FIGURE f-3/48:
SUBURBAN
SCHOOL NO. 1

Skin: panel (1" insulation)
No. of Levels: 2

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 50%

Ratio: Window Area to Typical Classroom Area: 22%
Ceiling Height of Typical Classroom: 9' 0"
Roof Insulation: 4" insul. roof deck

BOILER PLANT

No. of Boilers: 5

Burner Capacity: 200 gal/hr
Type of Boiler: fire box
Heating System: steam, vacuum return
Type of D.H.W. Generation: steam

VENTILATION SYSTEM

Type: unit ventilators
Tripe of Exhaust System: stack
Cfm/Typical Classrm: 750 Area /Typical Classrm: 720 sf

Air-Conditioning: none

Gymnasium
CFM: 67,200

% Outside Air:
Recirculation:

Controls:

100

yes
auto

ELECTRICAL

Warts /sf Typical Classrm: 2

Watts/sf Corridor: 1.5

Total Fan H.P: 80

Total Pump H.P.:10
Total Refrigeration H.P: none
Electric Kitchen: no

FUEL & ELECTRICITY USAGE

Auditorium

31,700

100
yes
auto

71-72
kwh kwh/nsf Gals #6 Fuel Oil Gal. p/maf

330,000 940

72-73 2,400,000 6,800 385,000 1,100
73-74 2,000,000 5,700 286,000 817

Note: 10-month economy measures instituted December 1,
1973 for 5 suburban schools.
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SUBURBAN SCHOOL NO. 2

Year of Completion: 1965

BUILDING DESCRIPTION

Size: 86 nsf

Floor to Floor Height:
Type of Construction:

Skin: 8" concrete, 2"
No. of Levels: 2

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 60%

Ratio: Window Area to Typical Classroom Area:
Ceiling Height of Typical Classroom: 9' 0"
Roof Insulation: 3" insulated roof deck

11' 4"
concrete
air, 4" brick

BOILER PLANT

No. of Boilers: 2

Burner Capacity: 30 gal/hr
Type of Boiler: fire box
Heating System: hot water
Type of D.H.W. Generation:

VENTILATION SYSTEM

from boiler

18%

Type: unit ventilators
Type of Exhaust System: stack
Cfm/Typical Classroom: 1250 Area/Typical Classrm: 900 sf

Air-Conditioning: none

Gymnasi?am

CFM: 6,000 (unit vent.)

% Outside Air:
Recirculation:
Controls:

ELECTRICAL

Watts/sf Typical Classroom: 1.5
Watts/sf Corridor: 1.0

Total Fan H.P.: 9

Total Pump H.P.: 10.5
Total Refrigeration H.P: none

Electric Kitchen: partial

FUEL & ELECTRICITY USAGE

Auditorium
8,000

100
yes
oil

kwh kwh /ms f Gals A1A. Fuel Oa Gals/msf

71-72 62,600 727

72-73 320,000 3,720 62,200 723

73-74 309,000 3,600 36,700 427
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1.4.1/70
Fuel and
Electricity Use

FIGURE f-3/50:
SUBURBAN
SCHOOL NO. 3

SUBURBAN SCHOOL NO. 3

Year of Completion: 1949

BUILDING DESCRIPTION

Size: 59 msf
Floor to Floor Height: 10' 0"
Type of Construction: reinforced concrete
Skin: 8" block, 2" air, 4" brick
No. of Levels: 2
Ratio: Window Area to Skin Area of Typical

Classroom Elevation: 50%
Ratio: Window Area to Typical Classroom Area: 24%
Ceiling Height of Typical Classroom: 8' 3"

Roof Insulation: 1"

BOILER PLANT

No. of Boilers: 2

Burner Capacity: 90 gal/hr
Type of Boiler: fire box
Heating System: steam
Type of D.H.W. Generation: steam

VENTILATION SYSTEM

Type: unit ventilators
Type of Exhaust System: stack
Cfm/Typical Classrm: 1,000 cfm Area /Typical Classrm: 960 sf
Air-Conditioning: none

Gymnasium Auditorium

CFM: 890 3,600

% Outside Air: 100 100

Recirculation: yes yes

Controls auto auto

ELECTRICAL

Watts/sf Typical Classrm: 1.67 Fixtures: fluorescent

Watts/sf Corridor: 1.23 Fixtures: fluorescent
Total Fan H.P.: negligible
Total Pump H.P.: negligible
Total Refrigeration H.P.: none
Electric Kitchen: no

FUEL & ELECTRICITY USAGE
kwh kwh/maf Gals # Fuel Oil Gals/msf

71-72 45,500 771

72-73 205,000 3,475 56,000 949

73,-74 208,000 3,534 32,700 554
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f-3/71
Fuel and
Electricity Use

FIGURE f-3/51:

SUBURBAN
SCHOOL NO. 4

SUBURBAN SCHOOL NO. 4

Year of Completion: 1952

BUILDING DESCRIPTION

Size: 200 msf
Floor to Floor Height: 13' 1"
Type of Construction: concrete
Skin: 4" brick, 8" concrete
No. of Levels: 2

Ratio: Window Area to Skin Area of Typical
Classroom Elevation: 50%

Ratio: Window Area to Typical Classroom Area: 25%

Ceiling Height of Typical Classroom: 11' 6"
Roof Insulation: 2" rigid insulation over 12" concrete slab

BOILER PLANT

No. of Boilers: 3

Burner Capacity: 100 gal/hr
Type of Boiler: fire box
Heating System: steam
Type of D.H.W. Generation:

VENTILATION SYSTEM

steam

Type: unit ventilator
Type of Exhaust System: combination central fan and stack
Cfm/Typical Classrm: 500 Area/Typical Classrm: 690 sf
Air-Conditioning: none

CFM:

Gymnasium Auditorium
20,278 23,650

% Outside Air: 100 100
Recirculation: yes yes
Controls: auto auto

ELECTRICAL

Watts/sf Typical Classroom: 2.0 Fixtures: fluorescent
Watts/sf Corridor: 1.5 Fixtures: incandescent
Total Fan H.P.: 37

Total Pump H.P.: negligible
Total Refrigeration H.P.: none
Electric Kitchen: 1/2 gas

FUEL & ELECTRICITY USAGE
kwh kwh/msf Gals #6 Fuel Oil Gals/msf

71-72 134,500 700
72-73 931,000 4,850 146,500 760
73-74 750,000 3,900 103,000 536

204



f-V72
Fuel and
Electricity Use

SURBURBAN SCHOOL NO. 5

BUILDING DESCRIPTION

Size: 26 msf
Floor to Floor Height: 12' 8"

Skin: 2' 8" brick, 1/2" insulation

No. of Levels: 1

Ratio: Window Area to Skin Area of Typical

Classroom Area: 65%

Ratio: Window Area to Typical Classroom Area: 30%

Ceiling Height of Typical Classroom: 11' 0"

Roof Insulation: 1" insulation over concrete slab

BOILER PLANT

No. of Boiler: 2

Burner Capacity: 18 gal/hr

Type of Boiler: hot water

Heating System: hot water with hot air

Type of D.H.W. Generation: immersed coil from boiler

VENTILATION SYSTEM

Type: central supply

Type of Exhaust System: stack

Cfm/Typical Classrm: 400 Area /Typical Classrm: 1064 sf

Air-Conditioning: none

CFM:
Gymnasium

2,400

% Outside Air: 100

Recirculation: yes

Controls auto

ELECTRICAL

Watts/sf Typical Classrm: 2.0 Fixtures: fluorescent

Watts/sf Corridor: 1.42 Fixtures: incandescent

Total Fan H.P.: 2.75

Total Pump H.P.: 3.5

Total Refrigeration M.P.: none

Electric Kitchen: none

FUEL Fe ELECTRICITY USAGE

kwh kwh/msf Gals #4 Fuel Oil Oalgt/O$f

FIGURE f -3/52: 71-72 33,100 1,273

SUBURBAN 72-73 100,560 3,868 33,000 1,270

SCHOOL NO. 5 73-74 65,400 2,515 25,000 960
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4 DETAILED
SYLTEM ANALYSIS
OF SELECTED
SAMPLE

Calculated
Fuel Oil Usage

Calculated
Electricity Usage

Scheme A:
Design Conditions

fuel and electricity use
in nyc schools

A recently constructed intermediate school was evaluated in

terms of energy flow (in and out) and energy consuming sys-

tems. The purpose of the following study is to approximate
the proportions of energy consumed by various major systems

of school buildings.

The data below shows the design calculated heat losses for
typical spaces in a recently constructed New York City
school. Of major interest is the percentage of heat loss
resulting from introduction of outside air (between 64 per-

cent and 79 percent).

Typical Classroom:
Transmission Heat Loss = 19,700 btuh (34 percent)
Ventilation Heat Loss = 37,900 btuh (66 percent)

Grand Total Heat Loss = 57,600 btuh

Auditorium:
Transmission Heat Loss = 177,000 btuh (22 percent)
Ventilation Heat Loss = 645,000 btub (78 percent)
Grand Total Heat Loss = 822,000 btuh

Gymnasium:
Transmission Heat Loss = 192,850 btuh (21 percent)
Ventilation Heat Loss = 705,000 btuh (79 percent)

Grand Total Heat Loss = 897,850 btuh

The same recent New York City school on which the preceeding
heat loss calculations were made was evaluated for anticipa-
ted electricity usage. The results are shown below:

(bimited_and conservative Uti.11.z4t1,On)

180 days per school year, ventilation nine months, heating
six months, cooling three months. (No afternoon, evening or
summer session included).

f-4/1 Lighting Usage: Classrooms 6 hrs/day; corridor and stairs 8
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Scheme B:
Design Conditions

Scheme A:
Electricity
Usage l'LftclE kwh /sf/yr

M6Lighting 1.7

Ventilating 3.68 .66

Heating .79 .10 (6 months)

Cooling

hrs; offices 7 hrs; auditiorium 2 hrs; stage 1/2 hr; gymnas-

ium 4 hrs; unfinished spaces 4 hrs; shops and labs 5 hrs.

(Less Conservative Utilization)
180 days per school year, ventilation nine months, heating
and cooling same as Scheme A for monthly use, but increased
for daily use. Classroom 7 hrs/day; corridor and stairs
9.hrs; offices 8 hrs; auditorium 3 hrs; stage 1/2 hr; gymnas-

ium 5 hrs; unfinished spaces 4 hrs; shops and labs 6 hrs.

(Limited and Conservative Utilization)

Absorption
Auxiliaries
Electric Drive

Miscellaneous

4.10 .25 (3 months
partial sf)

Heat up Kitchen
Labs and Shops 1.60 .29

Rec. Loads

Totals 19.83 3.04

Scheme D: (Less Conservative Utilization)

kwh/sf/yr
Electricity
Usage wh/sf/day

Lighting 11.20 2.01
Ventilating 4.21 .75

Heating .92 .11

Cooling 4.36 .26

Absorption
Auxiliaries
Electric Drive

Miscellaneous 1.76 .31

Heat up Kitchen
Labs and Shops
Rec. Loads

Totals 22.45 3.44

f-4/2 207
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Scheme A:

Heating
Ventilating
Air-Conditioning

Scheme A:
Lighting

Scheme B:

Heating
Ventilating
Air-Conditioning

f-4/3

Back u Information for 190 msf Building: 122 msf
uao e y sore ion

kwh/dav wh/sf/anv kwhisfivr

Ventilation 700 3.68 .66

Heating 150 .79 .10

Cooling 780 4.10 .25

Misc. 305 1.60 .29

sf total w hrs/dav kvb/dnv wh/Af/anv

Classrooms 77,887 155,204 6 930 11.94

Corridor &
Stairs 30,353 30,000 8 240 7.91
Offices 10,172 22,448 7 157 15.43
Auditorium
House 6,084 34,936 2 69 11.34

Stage 1,080 14,800 15 7 6.48

Shops 4,702 10,212 5 51 6.48

Labs 8,056 16,284 5 81.1 10.06

Gymnasium 11,760 25,576 4 102 8.67

Unfinished 39,906 38,180 14 152 3.28

Additional
Night Light - 12,000 4 48 1.58

Total 190,000

Watts/sf = 1.89

Wh/sf/day = 9.66 @

kwh/day

...

359,640 1,837 9.66

180 days = 1.74 kwh/sf/school yen,.

wh/sf/dav kwhisf/yr

Ventilation 800 4.21 .75

(9 mos)

Heating 175 .92 .11
(6 mos)

Cooling 830 4.36 .26
(3 mos)

Misc. 305 1.60 .29
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Scheme B:

Lighting

f-4/4

sf total w hrs/day kwhYdg wh/sf/day

Classrooms 77,887 155,204 7 1,086 13.94
Corridor &
Stairs 30,353 30,000 9 270 8.89
Auditorium
House 6,084 34,936 3 105 17.25
Stage 1,080 14,800

1/2 7 6.48
Shops 4,702 10,212 6 61.3 13.03
Labs 8,056 16,284 6 97.7 12.12
Gymnasium 11,760 25,576 5 128. 10.88
Unfinished 46,306 38,180 14 153 3.30

Additional
Night Light - 12,000 4 48 1.58
Offices 10,172 22,448 8 179 17.59

Total 190,000 359,640 2,128 11.20

Watts /sf = 1.89

Wh /sf /d.av =11.20 @ 180 days = 2.01 kwh/sf/school year
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540 PRELIMINARY
ANALYSIS OF
EMERGENCY
ENERGY-SAVING
MEASURES
INITIATED BY
THE NYC BOARD
OF EDUCATION
1973 - 1974

f-5/1

fuel and electricity use
in nyc schools

In November, 1973 in response to the emergence of the fuel
crisis, the New York City Board of Education instituted a
program geared to reducing the already low energy use in

its buildings. A series of circulars were sent to all
school custodians outlining specific methods of conserving

energy. Copies of relevant portions of these circulars are

included in this section. The circular from December 3,

1973 is included in its entirety.

Monthly fuel oil and electricity usage was compared for the
sixteen samples for December through April 73-74 with the
average of the same five months for the three preceeding

years. Fifteen of the sixteen showed lower fuel oil use
with savings ranging from 7.6 percent to 39.9 percent. The

one school showing an increase had a 7.3 percent rise. The

average fuel use for the sixteen schools was 24.4 percent

below the average for the three previous years. The 1973-

74 winter was slightly warmer than the previous three years.
The savings were adjusted accordingly resulting in a cor-
rected figure of 19.1 percent. Fifteen of the sixteen

schools showed a decrease in electricity usage with savings

ranging from 4 percent to 37.3 percent. The one school

showing an increase gained 8.4 percent in usage. This was

not the same school which had shown an increase in fuel oil

usage. The overall average of electrical usage w.ts down

by 20.0 percent.

The above results are of particular interest coming from the
New York City system because they indicate that even within
a highly efficient building plalit, representing the state

of the art of energy control, a re-evaluation of basic cri-
teria can yield significant savings.
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BOARD OF EDUC4TION OF THE cm CF NEW YORK
Divislo OF SCHOOL BUILDr:GS

OFFICE OF PLANT OPERATION MD MAINTENANCE
BUREAU OF PLANT OPERATION

December 3, 1973

PLANT OPERATION CIRCULAR NO. 13 - 1973/74

NOTE: All Circulars are to be kept in a permanent file

TO SCHOOL CUSTODIAN ENGINraRS AND SCHOOL CUSTODIAVS

1. FUEL AND ENERGY CRISIS

The fuel and energy crisis in the United States becomes more critical
each Week. So that all of us both at work and at hors do not end up freezing in the
dark we must take steps to conserve all types of fuel and energy, i.e. coal, oil,
electricity, gas, gasoline, outside steam emd hot hater.

The Board of Education has directed that room temperatures be lowered
still further so that the maximal:temperature in any school building will be 680 F.
The only exception to this will be natatorimis. In these areas ambient temperatures,
will be kept 3 above pool water temperature. Pool water temperatures will be main-
tained at 7344° F. during the winter season.

The State Education Department has relaxed some of their requirements
in reference to building operations for the duration of the crisis. These relaxations
are:

le Classroom or of:ice temperatures are not to exceed
68' F.

2, Gymnasiums, shops, cafeterias, or any non-sedentary
apace should be heated to a range of 63 to 65°.

3. Lighting levels have been reduced to:
10 foot candles - in auditoriums, corridors, locker

rooms, toilets.
20 foot candles in cafeterias, gymnasiums.

30 foot candles classrooms, libraries, offices,
shop,.

40 foot candles rooms where fine detail work is
done such as sewing rooms, drafting rooms.

4. Fresh air supply has been reduced to 4 cfm.

It is understood that meters and test gauges are not available to deter-
mine foot candles and air flow. However, "trial and error" should be employed to con-
serve fuel and energy. A modern classroom has lighting equipment to provide 5040
foot candles, Switches for light strips next to windows may be taped in the off
position to riduce light level. In some schools every other fixture in corridors may

be shut off. Where incandescent lamps are installed wattage may be reduced. DO NOT,
however, reduce illumination to point you have created a hazardous condition. Where
fluorescent fixtures are involved care must be taken not to burn out ballasts. In
cases where dual tube fixtures are involved either both tubes must be installed or
removed. Use of dual tube fixtures with only one tube may burn out ballast.

Custodians must review work schedules in order to cut down total time

lights are on. Is it possible to advance reporting times of night crews so that
heat and lights may be reduced earlier? Checks must be made that teachers turn room

lights oft when they leave. Custodial workers can turn them back on when necessary

for cleaning.
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PLANT OPERATION CIRCULAR NO. 13 - 1973/74, CONTINUED December 3, 1973

FUEL AND ENERGY CRISIS, Continued

Where possible mter temperatures to slop sinks, lavatories, etc.,
should be reduced to a maximum of 100° F. This is possible where a booster heater

is installed in line to cafeteria kitchen. Where a mixing valve is installed to
reduce temperatures to washrooms,' etc., it is suggested you request permission from

Principal to shut off hot water to lavatories.

It will be necessary from all available information to reduce fuel
consumption by at least 20 % from 1972/73 consumption. Since last winter was
reasonably warm this will be difficult to achieve. Your fuel and utility cards will
be checked closely each month to insure your consumption has been reduced. If
adequate savings are not achieved the next step will be to cancel afternoon and

evening activities. Your full cooperation is requested and expected to achieve the

required fuel and energy savings to keep our schools open.

The Board of Education has directed that the enclosed questionnaire on
the fuel and energy crisis be completed by each Custodian. One copy must be returned

to your Borough Supervisor of School Custodians by December 10, 1973.

!!,

19
2, VENEER OF PERSONNEL BOARD

IV
'UN
et The following have been. elected tc the Personnel Board for the period

a., January 1974 to January 1977:

JA,
43 Mr. George Maggio - Division of School Buildings

I..,
Mr. Charles Hughes (Alternate) - Bureau of School Lunches

COCO

3. OIL,BURNER EMSRGENCIES

Too many oil burner emergencies have turned out to be minor problems

such as a tripped circuit breaker, a blown fuse, cold oil. The Custodian must check

his plant out personally before requesting emergency oil burner service.

HUGH McLAREN JR.
Executive Director

Division or School Buildings

RCH:NS
Enclo3ure: Fuel and Energy Questionnaire (2)
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BOARD 0? MUCATION 0? THE CITY OF =YORK
DIVISION 0? SCHOOL RUILDLIGS

OFFICE OF Purr OFERATION AND HAINTENANCE
BUREAU OF PLANT OPERATION

SCHOOL BOROUGH

FUEL AN1 F.NEPLY QUESTIONNAIRE

Where question indicates condition of equipment, any conditions that are creating
fuel or energy losses should be reported on a P.O. 18 and submitted with this ques-
tionnaire.

1. Have all thermostats been set back to 68° F. or less?

2. Is all temperature control on hot water heating or
ventilating systems in gated operating condition?

3. Has schedule been set up for operation of indirect

ventilating systems?

4. Are firesides of boilers cleaned regularly at every
100 hours of operation?

5. Is boiler water treated? What was last pH: or OD reading?'

6. Are there any leaks in water or steam side of boiler?

7. Are there excess air leaks in fireside of boiler?

S. (a) Are there any leaks in steam piping or valves?
(b) Is there shop order or specification for repair?

9. (a) Are there any faulty steam traps?
(b) Have you replacements parts?
(c) Is there specification or shop order out for repair?

10. Hive you set up schedule of closing header, riser or
branch valves to isolate unoccupied parts of building?

11. Are fuel burning controls in good operation condition?
(Oil, Coal, Gas, Electric)

12. (a Have you taken a recent 002 test?
(b) What was or is CO2 percentage?
(c) %bat was stack temperature at time of test? it

)

i

13. Has plant a Department of Air Resources Operating Certificate?

(a) Oil Burners
(b) Incinerators 813

14. Has hot water tank been cleaned recently, give date of last

cleaning?

15. If booster heater has been Installed for cafeteria kitchen
hot water has house supply been reduced to 100° F.

16. Are there any leaks in hot water piping valves r faucets?

17. Are fresh air intake dampers in working order?

18. Have fresh air intake dampers been adjusted to reduce fresh
air intake to bare mini= (Scats Education has reduced
requirement to 1, cfm/person for duration of energy crisis)?

19. Have all holdbacks, chains, etc., been removed from

exterior doors?

.214
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(Jr.!}. Ar.1) ENEMY QUFSTIC!31AIRE

20. Are all door checks on exterior doors in good working
order?

21. Arc all windays in pocd condition?
(a) Is glass replaced or backed up? (a)

(b) Do they clo::e properly and stay closed overnight? (b)

(c) Are they wvdther striped? (c)
(d) Do they need %..vather stripping? (d)

22. (a) Have you checked building operation for conservation (a)

of electricity?
(b) Can you reduce lishting in corridors? p))

(c) Can you reduce lighting in classrooms? c)

(d) Have you instructed your employees in ccnservation (4) _
of electricity?

(e) Have teachers cooperated in conservation of electricity? (e)

(f) Have teachers been made aware of fuel and energy crisis (f)
by Principal or Schcol Board?

(g) Have °Save-A-Watt° stickers been put on light switches? (g)

23. Have you inspected cafeteria/lunchroom kitchens for possible
fuel or energy wasters?
(a) Refrigerator/freezer doors, are they tight (a)
(b) Refrigerating machine condensers, are they clean? (b)

(c) Is refrigerant at proper level so that machines does (a)
not run continuously?

24. (a) Are filters on ventilating equipment clean? (a)

(b) When were they last checked? (b)

25. Do you have any unique ways to conserve either fuel or energy
in your school? Do you have any ideas how fuel might be
saved in your school cr others by some simple or inexpensive
change in scheduling, wiring, piping, etc? Please give
details.

DATE SIGNATURE
SCHOOL CUSTOD/AN EhOD SCHOOL C STODIAN

RETURN TO nonouGH SUPSR1TSOR 07 SCHOOL CUSTODTAflS BY BEC:MIER 10 19 3
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FUEL CONSERVATION

The fuel situation in New York City may become extremely critical durig

the forthcoming winter. School Custodians/Engineers are directed to take every

measure consistent with health and safety to conserve fuel. The following are acme

items that will help in the conservation of fuels

a. Classroom and office temperatures are to be maintained

at no higher than 70 F.
b. Indirect ventilating systems in areas ouch as gyenasiums

and auditoriums are not to be operated when areas are

not occupied.
c. Broken window glass moat be replaced or backed up

promptly.
d. Fire aides of boilers must be cleaned At every 100

hours of operation.

e. Combustion should be checked regularly for proper 002
percentage.

f. Leaks on steam and condensate lines must be repaired
or reported for repair protptly.

g. Where possible header veleta controlling steam to
sections of the building not in use for activities
should be shut.

h. Door checks on exterior doors should be kept in good

operating condition.
i. An indirect fuel economy is conservation of electricity.

Any fuel saved by Edison will make more fuel for heating

available.

J. Fuel nil temperatures mast be checked closely to provide
for proper combustion. The quality of oil delivered may

change during the winter. A close check on combustion
should be kept after the delivery of each new load of oil.

k. In schools where two or more fuel tanks are installed,
one tank should be kept in use until a full load of oil

can be placed in tank. The average load of oil is 5500

[einem. This way tanks can be kept topped off whenever

fuel Is available. This will be most important this
winter since we will rant to take whatever oil the vendor

can make available.

1. FUEL CONSERVATION

The fuel situation is extremely critical. The procedures outline in

Plant Operation Circular #7 - 1973/74 must be co plied vtth. Any additional conser

vation procedures that you may be able to institute consistent with health and

safety should be adopted.

3. FUEL OONSERVATION

The results or your efforts in fuel conservation are gratifying. The

goals set for conservation of fuel and utilities have been met. The crisis is still

with us so please do not relax your efforts. It is not only important now to conserve

fuel and energy because of the shortage but also because of the cost. 'Costs for both

have skyrocketed.

Although the fuel crisis has abated the necessity to conserve fuel

continues. Fuel is not in abuntant supply. In addition to the short supply, censer.

vation is necessary because of price. The price of oil has more than doubled in the

past six months. This increase has created a serious shortage in budget allteationa.
Please continue the exemplary efforts you have exerted throughout the winter in eon.

serving fuel.

5. U5 41 OF AIR CONDIT/ONINO EQUIRNINT

In those schools and offices whore air conditioning equipment it
installed the following rules should be followed to conserve energri

a. Air conditioning equipment Should not be operated until raft

temperature reaches 70' F.
b. Thergeetat lettings Met not be lead than 70 P.

c. Occupants should be instructed JO the use of shade' and

blinds to reduce solar heat load.
d. Occupancy of large air anditionod arias or

person should be avoided where potable. Requeet'Oedue

pante to consolidate see of air aorditionid apace.

e. Instruct occupants of sir donditionad arias to imp area
isolated testi n641400114 areal.

C. Keep equipie -6 particular final and oondenaora.
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environmental
conditions

10 OBSERVED LIGHT In March 1974 a team of observers visited 20 classrooms in

LEVELS IN TWENTY six public schools for the purpose of measuring the light

CLASSROOMS levels under which teachers and students performed their

various tasks. The visits were unannounced, and conditions

were recorded exactly as found. The six schools represent

a cross-section of types of construction and of periods of

construction. The oldest school visited was an ornate
gothic-style limestone structure built in 1897. The most

recently completed school was a curtainwall structure fin-

ished in 1968.

Light levels were recorded at 1'5'0" intervals in both dir-

ections at desk height. Also noted were weather conditions,

window locations, sizes of windows, ceiling heights, arti-

ficial illumination, fixture patterns, types of fixtures,

wattages, and incident light levels at the window sills.

Two basic types of lighting fixtures were noted: 1. new and

modernized fluorescents, and 2. old five-fixture incandes-

cents.

Observations The following observations were made:

g-l/1

1. Light intensities were found to be extremely irregu-

lar. As reflected in the light contours of the 20 class-

room diagrams, light conditions ranged far above, as well as

far below currently accepted standards.

Classroom #5 built in 1958 for example, an east-facing
classroom, had light levels of 30 fc, 280 fc, 500 fc, 1,000

fc, 350 fc, 2,200 fc measured at 5'0" intervals along a line

5'0" away from the window wall. Along the blackboard to

the south the readings ranged from 30 fc to 40 fc. At the

west wall 30 fc - 65 fc readings were recorded. Upon furth-

er investigation it was found that though the eyes of the

observers were not aware of great changes in light levels,

meter readings recorded wide fluctuations (incident light

level of 500 fc changed to 3,000 fc) due to periods of

bright sun interrupted by passing clouds. Artificial. il-
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g-1/2 lumination was supplied by nineteen 2 tube x 4 foot fluores-
Observed En- cent fixtures requiring a total of 1,865 w (2.18 w/sf).
vironmental
Conditions West-facing classroom #6 in the same building had light

levels of 65 fc, 110 fc, 200 fe, 180 fc, 130 fc and 32 fc,
measuring at 5'0" intervals along a line 5'0" away from the
window wall. Readings at the perimeter ranged from 25 fc to
65 fc. Artificial illumination was supplied by eighteen
2 tube x 4 foot fluorescent fixtures requiring a total of
1,767 w (2.43 w/sf).

Classroom #13 built in 1961, a south-facing classroom, had
light levels of 100 fc, 260 fc, 180 fc, 450 fc, 210 fc, 400
fc, measured at 5'0" intervals along a line 5'0" away from
the window wall. Readings at the north wall ranged from 12
fc to 50 fc. Artificial illumination was supplied by six 4
tube x 4 foot fluorescent fixtures, placed perpendicular to

the window wall, requiring a total of 1,116 w (1.39 w/sf).

Classroom #16 built in 1968, a north-facing classroom with
incident light levels of 750 fc at the window sill had fc

readings of 60 fc, 200 fc, 135 fc, 260 fc, 100 fc measured
at 5'0" intervals along a line 5'0" away from the window
wall. Along the south wall the readings ranged from 20-50
fc. Artificial illumination was supplied by nine 2 tube x
8 foot fluorescent fixtures, placed in three rows parallel
to the window wall, requiring a total of 1,674 w (2.26 wis4.

Classroom #8 built in 1905, an east-facing classroom, had
light levels of 300 fc and 350 fc at the window line and
readings of 10 fc, 20 fc, 25 fc, 30 fc, 50 fc along the
perimeter of the room. Artificial illumination was supplied
by five 160 w fluorescent fixtures which replaced five
earlier incandescent fixtures. Total wattage required was
930 w (1.48 w/sf).

2. Light levels were generally unrelated to the tasks
being performed. Activities such as drawing, writing and
listening were all conducted under the same lighting con-
ditions.

3. With only few exceptions, artificial illumination was
in full use, even though daylight (on a clear morning) was
adequate in a substantial portion of the classrooms. In

most of the classrooms, provisions had been made for deac-
tivating light fixtures along the window walls. However,
the switching device was used in only one instance out of
the twenty examples. In one of the older classrooms(class-
room #11) compensation was made for high daylight levels by
reducing the wattage of incandescent fixtures from 200 w at
the center and rear of the room to 150 w at the 'windows.

4. Light control devices were generally used in a hap-
hazard manner, unrelated to actual needs. In several in-
stances, black shades were drawn, cutting off all daylight
and making artificial light a necessity. In the older
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g-1/3 buildings where high windows make the operation of roller

Observed En- shades more difficult, many blinds were jammed in position.

vironmental On the other hand, translucent shades were generally well

Conditions used in the newer buildings to block direct rays of the

sun while permitting diffused light to enter.

5. Teachers and students appeared unaware of the wide

fluctuations of light intensities.

6. In old and new schools, chalkboards were generally in
the darker part of the classrooms. Neither artificial light

nor daylight was directed toward the chalkboards.

Note: According to the British government publication,
Lighting in Schools, "the chalkboard and any associated dis-
play area should be well lit by comparison with the room.
At the same time, visual tasks can also be made easier by
an increase in contrast or size of details. Thus for the

teacher to write on the chalkboard with letters 1" high
instead of 1" high would be as effective in improving vis-
ibility as would raising the level of illumination by ten

times . . . For a child to move four feet closer to the
chalkboard will have visual advantages for him which can
only be matched by raising the level of illumination by 30

times. This assumes that distance to chalkboard will be

limited to 30 feet". (British standards are based on

writing 3/4" high at the blackboard).
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g-1/4
Observed En-
vironmental

Conditions

FIGURE g-1/1:
OBSERVED LIGHT
LEVELS IN
TWENTY NYC
CLASSROOMS
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g71/5
Observed
Environmental
Conditions
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ELEMENTARY SCHOOL (180)

3/6/74 9:35 AM
WEATHER: SUNNY, VARIABLE

CEILING HEIGHT: 14'-0"

CHALKBOARD: EAST & WEST WALLS

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINbOW SILL: 130 FC

WINDOWS: 4 @ 31-0" x 9'-0"

ARTIFICIAL ILLUMINATION

SHADE DRAWN

FIXTURES: INCANDESCENT, 5 @ 200W m 1000W

FIGURE g-1/2: MOUNTING: SUSPENDED @ 10'-0" AFF

OBSERVED LENS: MILK GLASS

LIGHT LEVELS 2 SWITCHES

CLASSROOM NO. 1
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Environmental
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1
O
In

FIGURE g -1/3:

OBSERVED
LIGHT LEVELS
CLASSROOM NO. 2

27L 0"
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43,

ELEMENTARY SCHOOL (1897)

3/6/74 9:45 AM
WEATHER: SUNNY, VARIABLE
CEILING HEIGHT: 14'-0"
CHALKBOARD: NORTH WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 38 FC
WINDOWS: 4 @ 4'-6" x 10'-0"

ARTIFICIAL ILLUMINATION

FIXTURES: INCANDESCENT, 5 P 200W = 1000W
MOUNTING: SUSPENDED @ 10'-0" AFF
LENS: MILK GLASS
2 SWITCHES
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Observed

Environmental
Conditions

24'- 0"

FC READINGS

o 0
0

o 0

FIXTURE PATTERN

N

ELEMENTARY SCHOOL (1897)

3/6/74 10:00 AM

WEATHER: SUNNY, VARIABLE

CEILING HEIGHT: 14'-0"

CHALKBOARD: SOUTH WALL

DARK SHADES DRAWN

BOTTOM OF SHADE 1/4 UP

--- DARK SHADES DRAWN

-2-

NOTE: NO SHADES ABOVE 8'6"

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 3000 FC

WINDOW DIMENSIONS: 5 @ 2'-6" x 10'-0"

FIGURE g-1/4: ARTIFICIAL ILLUMINATION

OBSERVED FIXTURES: INCANDESCENT, 5 @ 200W = 1000W
LIGHT LEVELS MOUNTING: SUSPENDED C 101-0" AFF
CLASSROOM NO. 3 LENS: MILK GLASS

2 SWITCHES 223
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FIGURE g-1/5:
OBSERVED
LIGHT LEVELS
CLASSROOM NO. )
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ELEMENTARY SCHOOL (1897)

3/6/74 10:15 AM
WEATHER: SUNNY, VARIABLE
CEILING HEIGHT: 14'-0"
CHALKBOARD: NORTH WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 180 FC
WINDOWS: 4 @ 4'-6" x 10'-0"

ARTIFICIAL ILLUMINATION

FIXTURES: INCANDESCENT, 5 @ 200W = 1000W
3 FIXTURES LIGHTED = 600W
MOUNTING: SUSPENDED @ 10'-O" AFF
LENS: MILK GLASS
2 SW1TCH!S,
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Environmental
Conditions A

80

FIGURE g-1/6:
OBSERVED
LIGHT LEVELS
CLASSROOM NO. 5

27L 6"

FC READINGS

11

NOM

FIXTURE PATTERN

N

ELEMENTARY' SCHOOL (1958)

3/6/74 10:35 AM

WEATHER: SUNNY, PASSING CLOUDS

CEILING HEIGHT: 11' -2"

CHALKBOARD: SOUTH WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 750 -.3000 FC

WINDOWS: 6 @ 4' x 6'-4"

ARTIFICIAL

FIXTURES:

MOUNTING:

LENS: EGG
2 SWITCHES

LLWMtNATION

FLUORESCENT, 19 @ 934

SUSPENDED @ 8'-9" AFF

CRATE LOUVER

225
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to

FIGURE g-1/7:
OBSERVED
LIGHT LEVELS
CLASSROOM NO. 6
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ELEMENTARY SCHOOL (1958)

3/6/74 11:00 AM
WEATHER: SUNNY, PASSING CLOUDS
CEILING HEIGHT: 101-0"
CHALKBOARD. NORTH WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 400 500 FC
WINDOWS: 6 @ 4' x 6'-4"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT, 18 @ 93W (2-48" TUBES) = 1767W
MOUNTING: SUSPENDED @ 8' -9" AFF
LENS: EGG CRATE LOUVER
2 SWITCHES
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FIGURE g-1/8:
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ELEMENTARY SCHOOL (1958)

3/6/74 11:15 AM
WEATHER: SUNNY, PARTIAL OVERCAST
CEILING HEIGHT: 10-0"

CHALKBOARD: NORTH WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 350 - 450 FC
WINDOWS: 6 @ 4' x 6'-4"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT 18 co 93W (2-48"TusEs) = 1767W
MOUNTING: SUSPENDED @ 8'-9" AFF
LENS: EGG CRATE LOUVER
2 SWITCHES
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Observed
Environmental
Conditions

FIGURE g-1/9:
OBSERVED
LIGHT LEVELS
CLASSROOM NO. 8
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ELEMENTARY SCHOOL (1905)

3/6/74 11:30 AM

WEATHER: OVERCAST
CEILING HEIGHT: 14'-0"

CHALKBOARD: SOUTH WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 350 FC

WINDOWS: 3' x 10'-6"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT, 5 0 186W (4-48" TUBES) = 930W

MOUNTING: SUSPENDED P 101-6" APT
LENS: 1/2" x 1/2" LOUVER
2 SWITCHES
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Observed
Environmental
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4

FIGURE g-1/10:
OBSERVED
LIGHT LEVELS
CLASSROOM NO. 9
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ELEMENTARY SCHOOL (1905)

3/6/74 11 :45 AM

WEATHER: PARTIAL OVERCAST
CEILING HEIGHT: 14'-0"

CHALKBOARD: EAST WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 110 FC

WINDOWS: 31-8" x 91-4"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT, 6 @ 186W (4-48" TUBES) =
MOUNTING: SUSPENDED @ 101-6" AFF

LENS: 1/2" x 1/2" LOUVER
2 SWITCHES
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Observed
Environmental
Conditions

a
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FIGURE g-1/11:
OBSERVED
LIGHT LEVELS
CLASSROOM NO. 10
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ELEMENTARY SCHOOL (1905)

3/6/74 12:00
WEATHER: SUNNY, PARTIAL OVERCAST
CEILING HEIGHT: 14'-0"

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOWS SILL: 300 - 450 FC
WINDOWS: 3'-6" x 10-0"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT, 6 @ 186W(2-96" TUBES) = 1116W
5 FIXTURES LIGHTED = 930W
MOUNTING: SUSPENDED @ 101-0" AFF
LENS: EGG CRATE LOUVER
2 SWITCHES
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ELEMENTARY SCHOOL (1905)

3/6/74 12:15 PM

WEATHER: PARTIAL OVERCAST
CEILING HEIGHT: 13'4"
CHALKBOARD: EAST & WEST WALLS

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 260 - 450 FC
WINDOWS: 5'-6" x 10'-0"

ARTIFICIAL ILLUMINATION

FIXTURES: INCANDESCENT, 5 AS SHOWN = 900W

MOUNTING: SUSPENDED @ 9'-0" AFF
LENS: MILK GLASS
2 SWITCHES
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Observed
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FIGURE g-1/13:

OBSERVED
LIGHT LEVELS
CLASSROOM NO. 12
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FIXTURE PATTERN
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DROPPED BEAM @ 8'-6" AFF

ELEMENTARY SCHOOL (1961)

3/6/74 1:25 PM

WEATHER: PARTLY OVERCAST
CEILING HEIGHT: 9'-6"
CHALKBOARD: EAST WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 350 - 700 FC

WINDOWS: 3'-4" x 51-6"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT, 6 @ 186W (2-96" TUBES) = :1116W

MOUNTING: SUSPENDED @ 8'-6" AFF

LENS: EGG CRATE LOUVER
2 SWITCHES 232
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DROPPED BEAM @ 8'4" AFF

ELEMENTARY SCHOOL (1961)

3/6/74 1:40 PM

WEATHER: SUNNY 6 OVERCAST

CEILING HEIGHT: 9'-6"

CHALKBOARD: WEST WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 450 - 1900 FC

WINDOWS: 3"4" x 5'-6"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT, 6 @ 186W (2-96" TUBES) = 1116W

MOUNTING: SUSPENDED 0 8"4" AFF
LENS: EGG CRATE LOUVER
2 SWITCHES

s41.t.o. 233
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Observed
Environmental
Conditions

FIGURE g-1/15:
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CLASSROOM NO. 14
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ELEMENTARY SCHOOL (1961)

3/6/74 1:50 PM

WEATHER: OVERCAST, VARIABLE
CEILING HEIGHT: 9'-6"

CHALKBOARD: NORTH WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 275 - 1000 FC

WINDOWS: 3'-4" x 51-6"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT, 6 @ 166W (2-96" TUBES) m III6W

MOUNTING: SUSPENDED @ 8' -6" AFF

LENS! EGG CRATE LOUVER

2. SWITCHES 234
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FIXTURE PATTERN

SHADES DRAWN

DROPPED BEAM @ 8' -6" AFF

ELEMENTARY SCHOOL (1961)

3/6/74 2:00 PM

WEATHER: OVERCAST, VARIABLE

CEILING HEIGHT: 9' -6"

CHALKBOARD: SOUTH WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 260 - 500 FC

WINDOWS: 3'-4" x 5'-6"

ARTIFICIAL

FIXTURES:
MOUNTING:
LENS: EGG

2 SWITCHES

ILLUMINATION

FLUORESCENT, 6 @ 186W
SUSPENDED @ 8'-6" AFF
CRATE LOUVER

235
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ELEMENTARY SCHOOL (1968)

3/6/74 2:15 PM
WEATHER: CLOUDY, VARIABLE
CEILING HEIGHT: 10'-3"
CHALKBOARD: EAST WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 275 750 FC
WINDOWS: 3' -O" x 6' -O"

ARTIFICIAL ILLUMINATION

FIXTURES: FLUORESCENT, 9 @ 186W (2-96" TUBES) = 1674W
MOUNTING: SUSPENDED @ EP-6" AFF
LENS: EGO CRATE LOUVER
2 SMITONES
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JUNIOR HIGH SCHOOL (1968)

3/6/74 2:30 PM
WEATHER: VARIABLE
CEILING HEIGHT: 8,-8H

CHALKBOARD: WEST WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 180 - 1000 FC
WINDOWS: 31-0" x 61-0"

ARTIFICIAL

FIXTURES:

MOUNTING:
LENS: EGG

2 SWITCHES

ILLUMINATION

FLUORESCENT, 9 @ 186w (2-96,, TUBES) 1674W

SUSPENDED @ 81-2" AFF
CRATE LOUVER
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FIGURE g-1/19:
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HIGH SCHOOL (1904)

3/6/74 3:00 PM
WEATHER: VARIABLE
CEILING HEIGHT: 14'-0"

CHALKBOARD: SOUTH WALL

SHADE 3/4 DRAWN

SHADE 1/2 DRAWN

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 500 FC

WINDOWS: 5'-0" x 11' -0"

ARTIFICIAL ILLUMINATION

FIXTURES: INCANDESCENT, 5 @ 200W = 1000W
MOUNTING: SUSPENDED @ 8'-6" AFF
LENS: MILK GLASS
2 SWITCHES
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FIGURE g-1/20:
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HIGH SCHOOL (1904)

3/6/74 3:15 PM

WEATHER: OVERCAST, VARIABLE
CEILING HEIGHT: 14'-0"
CHALKBOARD:. NORTH & SOUTH WALLS

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 275 - 350 FC

WINDOWS: 5'-0" x 10'-0"

ARTIFICIAL ILLUMINATION

FIXTURES: INCANDESCENT, 5 @ 200W = 1000W

MOUNTING: SUSPENDED @ 8'-6" AFF

LENS: MILK GLASS
2 SWITCHES
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HIGH SCHOOL (1904)

3/6/74 3:30 PM
WEATHER: OVERCAST, VARIABLE
CEILING HEIGHT: 14'-0"

CHALKBOARD: EAST WALL

NATURAL ILLUMINATION

INCIDENT LIGHT AT WINDOW SILL: 260 - 450 FC
WINDOWS: 5' Ou x 11' -0"

ARTIFICIAL ILLUMINATION

FIXTURES: INCANDESCENT, 5 @ 200W A 1000W
MOUNTING: SUSPENDED @ 8'-6" AFF
LENS: MILK GLASS
2 SWITCHES

240



observed
environmental
conditions

It is apparent from the figures presented in sub-report f on

Fuel and Electricity Use in New York City Schools, that the
re-evaluation of outside air requirements offers the possi-
bility of substantial energy savings. In order to do this
it is necessary to redefine the reasons for introducing out-
side air.

Life support: A certain quantity of air is required to re-
place oxygen consumed by respiration and to dissipate carbon
dioxide and other by-products of respiration.

Odor control.: Outside air is requi.ved to dissipate disagree-
able odors.

Thermal control: Outside air is introduced in order to dis-
sipate internal or solar heat gain tending to raise interior
temperatures above the desired maximum level. (Note: this
is only effective when outside temperatures are lower than
inside temperatures).

A series of studies have been carried out which indicate that
under normal conditions life support and odor control can be
satisfied by the introduction of 5 cft/occupant in enclosed
spaces where smoking or strenuous activity does not take
place. It should be noted that this measure includes numer-
ous safety factors:

1. No credit is taken for the introduction of air into
classrooms during period breaks when doors are opened and
closed.

2. No credit is taken for the "recharging" of the entire
building due to infiltration when it is unoccupied during the
night and on weekends.

3. The actual calculated requirement for 02 and CO2 con-
trol in classroom is about 2.38 cfm/occupant, adding a 100
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Et2/2 percent safety factor on top of the other considerations

Observed Environ- (see Nevins Study on the following pages).
mental Conditions

a

Where a high degree of activity is anticipated, the.intro-
duction of 15 cfm/active occupant should be provided. The
differentiation between active and passive occupant becomes
important in the case of gymnasiums, for example, where some
occupants will be highly active; however, there may be a
large number of spectators who will be relatively passive.
In setting ventilation rates, consideration should be given
to the fact that one space can be anticipated to have two
kinds o? occupancy simultaneously.

The basic ventilation rates indicated above will be required
whenever the space in question is occupied regardless of
heating or cooling demands. They become the basic standards
for outside air introduction. Additional outside air for

cooling may be required at times. This should be introduced
by either varying the output of the 'ease system or by wholly
independent means. In either case, the control for this ad-
ditional air should be handled in a way reflecting the con-
ditions which call for the increase, that is, it should be
responsive to internal and external temperatures. Manually
controlled operable windows actually work in this way. The
occupants of a space act as the sensing and the operating
mechanisms. When they feel warm, they open a window causing
an increase in outside air to enter. The exact quantity of
this increase is difficult to predict exactly; however, ex-
perience and generally accepted formulas indicate that,
given moderate proportions of operable window area to floor
area (say five to ten percent), the amount will be under

most circumstances greater than the standards currently set.

In the middle of April of this year, the National Bureau of
Standards in cooperation with this study conducted a series
of tests in a classroom in a New York City school. The ven-
tilation rates were varied from day to day. The temperature,
relative humidity, oxygen and carbon dioxide levels were con-
tinuously monitored and recorded. The rate of exhaust at the
grilles was measured when one or more grilles were operating
and the rate of air change was measured for various conditions.
In addition, a trained psychologist observed each class to
determine whether any noticable signs of discomfort were ex-
hibited by the occupants and whether any disagreeable odors
could be detected. The results which are contained'in a
companion report by the National Bureau of Standards indicate
that all conditions under consideration were entirely ade-
quate when outside air was entering the room at rates as low

as 4 cfm/occupant allowing a 100 percent safety factor.

Dr. Ralph G. Nevins, who has been active in the field of en-
vironmental conditions and human response for many years and
whose work has been the basis for numerous standards, includ-
ing a sizable role in the latest ASHRAE recommendations has
prepared a survey of criteria for school ventilation. This
survey included as part of this sub-report, indicates that
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g-2/3 5 cfm is sufficient to conform with all health and safety

Observed Environ- requirements. Under most conditions, open windows will pro-

mental Conditions vide more outside air than is currently specified under ex-

isting standards for mechanically supplied outside air.

NEVINS STUDY The minimum ,requirements for introduction of outside air in-

to an enclosed space are based on oxygen replacement and

carbon dioxide removal requirements resulting from respira-

tion. Sufficient fresh air must be supplied-to the space

to maintain an adequate concentration of oxygen and to dil-

lute the carbon dioxide which is produced as a product of

the respiration. Table 1 indicates the approximate relation-
ship between physical activity, energy expenditure, oxygen
consumption, carbon dioxide production and the rate of

breathing (1)*.

Table 1 Energy Expenditure, Oxygen ConSumption, Carbon
Dioxide Production & Rate of Breathing of Men

Activity y Energy Ex-' Oxygen Con-
penditure sumption
btuh cfh

Prone, 300 0.60

rest
0

Seated,
Sedentary O.80

Stroll-
ing 600 1.20

Walking .

3 mph 1000 2.00

Carbon Di-
oxide Pro-
duction cfh

Rate of
Breath -

ing cfh

0.50

0.67 20

1.00 30

1.67 50

As early as 1883, Hermans of Amsterdam demonstrated clearly

that the air of a chamber containing only 15% of oxygen and

2%-11% of carbon dioxide was not toxic (2). Other investi-

gators in the United States, Germany and England confirmed

these findings. Landsberg (3) recommends as specification

for adequate air quality an oxygen content of 18%-21% and

a carbon dioxide content of 0.6% as a maximum figure. The

range of oxygen content coincides with the possible varia-

tions in ambient air oxygen partial pressure which occurs

* Numbers in parenthesis refer to references listed at end

of the report. 243



g-2/4 natually due to fluctuation in barometric pressure or with
Observed Environ- a change in altitude. At sea level, where the normal baro-
mental Conditions metric pressure is 760 mm Hg, the ambient air oxygen partial

pressure will be 159 mm Hg. During periods of high baro-
metric pressure, the ambient oxygen partial pressure can
reach 171 mm Hg; and during periods of low barometric pres-
sure, the ambient partial pressure will reach 139 mm Hg.
Related back to the standard barometric pressure of 760 mm
Hg, this is a range of percent by volume of 18%-23%. Simi-
larly, at an altitude of 4,000 feet, the ambient air oxygen
partial pressure, for the standard barometric pressure at
that altitude, will have fallen to 137 mm Hg which is equiva-
lent to a sea level oxygen content of 18% by volume (4).

Navy studies of carbon dioxide toxicity reported by Schaefer
(5) resulted in the forowing three levels to be used as
tolerance limits:

1. 3 percent carbon dioxide as above: the level producing
performance deterioration, alterations in basic physio-
logical functions is expressed in changes of weight,
blood pressure, pulse rate, metabolism and, finally ;

pathological changes.

2. 1.5 percent carbon dioxide: the level at which basic per-
formance and physiological functions are not affected.
Under these conditions, however, slow adaptive processes
are observed in electrolyte exchange and acid base bal-
ance regulations which might induce patho-physiological
states on greatly prolonged exposure.

3. 0.5 - 0.8 percent carbon dioxide: the level at which
probably no significant physiological, psychological or
adaptive changes occur. The current British threshold
limit value for carbon dioxide is 0.5 percent (6). The
same value was also reported by Jennings (7) for use in
the United States.

Ventilation Using 18 percent as the minimum allowable concentration by
Requirement volume for oxygen in a given space and assuming the activi-
for Minimum ty level to be sedentary with an oxygen consumption of 0.80
Oxygen Level cfh, the required ventilation rate of outside air contain-

ing 20.6 percent oxygen would be 0.51 cfm/person. A sim-
plified equation used to determine this value is:

where

p/6o
= (c

in
C
out

) /100

Q = Ventilation rate, cfm/person

P = 0
2

consumption, cfh/person

C
in 2

= 02 in ventilation air, percent

C
out

= 0
2

in room air, percent

(1)

244



Ventilation Rate

to Maintain Maxi-
mum Carbon Dioxide
Level

ASHRAE Ventila-
tion Code Minimum
Rate

Natural Ventila-
tion Through
Open Windows

g-2/5

For a threshold limit value for carbon dioxide of 0.5 per-
cent and with the ventilation air containing 0.03 percent
carbon dioxide, the necessary ventilation rate can be deter-
mined from Equation 1 by replacing P with the carbon dioxide
production in efh/person and reversing the subscripts on the
values of C. Therefore, the minimum ventilation rate to
satisfy the carbon dioxide specifications for a sedentary
occupant would be 2.38 eft/person. From the two simple
calculations above, it is apparent that the governing fac-
torfor the minimum ventilation rate is determined by that
necessary to maintain the maximum level of carbon dioxide.

The ASHRAE Standard, 1962-73, for natural and mechanical
ventilation, specifies ventilation requirements for 100 per-
cent outdoor air when the outdoor air meets certain speci-
fications for air quality. The reduction in the amount of
outside air is allowed when adequate temperature control is
provided. Further reduction is permitted if high efficient
absorption or other odor and gas removal equipment is em-
ployed. For the purpose of this report, however, the im-
portant specification is that in no case shall the outdoor
air quantity be less than 5 eft/person (8). It is inter-
esting to note that in two proposed standards, the Austral-
ian proposed standard for mechanical ventilation and air-
conditioning in buildings (draft dated November 1973) an
equivalent recommendation is made: i.e., a minimum ventila-
tion requirement of 5 eft/person. The proposed ASHRAE
standard 90 P, a standard for energy conservation in new
buildings, currently has a requirement for a minimum ven-
tilation of 5 eft/person.

The recommended 5.0 cfm/person would appear to have a 100
percent safety factor in that the requirement for carbon
dioxide dilution was found to be 2.38 eft/person. in other
words, the recommended value provides approximately 2.5
eft/person for odor dilution. In the opinion of the ASHRAE
Committee which formulated 62-73, if the space temperature
is in the comfort zone so that no visible sweating occurs,
and assuming no smoking or other source of contaminant
generation, 2.5 eft/person may be sufficient for odor con-
trol. This is based on personal experience and current
practice recognizing the changes in hygiene and health
which occurred over the past twenty to thirty years.

The natural forces available for moving air into, through
and out of buildings are (a) wind forces; (b) forces due
to stack effect; i.e. difference in temperature between
the air inside and outside the building. Obviously it is
very difficult to estimate the effect of wind since the
wind velocity varies with time and direction. In addition,

the local wind is effected by buildings, hills and other
obstructionsin the vicinity of the structure under consid-
eration. In almost all localities, summer wind velocities
are lower than those of the winter. In addition, the pre-
vailing wind direction will be different during the hummer
and the winter. 245



g-2/6 The flow of air through ventilation openings (windows) can
Observed Environ- be determined from Equation below:
mental Conditioas

where

Q = EAV (2)

Q = air flow, cfm

A = free area of openings, sf

V = wind velocity, fpm

E = effectiveness of openings

The effectiveness of an opening will vary with wind direc-
tion. Therefore, E should be taken as 0.5 - 0.6 for perpen-
dicular winds; and 0.25 - 0.35 for diagonal winds. For flow
due to a temperature difference between the room and the
outside (stack effect):

where

Q = 9.4 A h (ti - to) (3)

Q = air flow, cf/m

A = free area of inlets, sf

h = height from inlets to outlets, ft

t
i

= average temperature of indoor air
at height, h, F

t
o

= temperature of outdoor air, F

9.4 = constant of proportionality including
a value of 65 percent for effectiveness
of openings. This should be reduced to
50 percent; i.e., constant equal 7.2 if
conditions are not favorable.

Both equations come from the ASHRAE Handbook of Fundamentals,
Chapter 19 on Infiltration and Natural Ventilation, 1972.

Using Equation 2 and assuming that the open window area will
be 5 percent of the floor area of a standard classroom of
750 sf, the volume of air entering the room when a perpen-
dicular wind of five miles an hour impinges on the building
will be 8,250 cfm. or 32 students in this classroom, the
ventilation per Stud6nt would be 257.8 cfm/person. Assuming
a 9 ft ceiling, this would represent an air change rate of
73 air changes per hour.

In a recent study by A.G. Loudon at the Building liesearch Sta.
tion in England, ventilation rates of 10 air changes per
hour for schools with open windows on one side only were
Used to predict peak indoor temperatures.
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g-2/7 In schools with windows on more than one side, air change

Observed Environ- rates were increased to 30 (9). Again, assuming the class-

mental Conditions room is 750 sf x 9' high or a volume of 6750 cu ft, ten air

changes per hour would represent an inflow of outside air

of 67,500 cfh or 1,125 cfm. For 32 students in the class-

room, this would represent a ventilation rate of 35 oft/

person.

r

The 1931 comprehensive study of School Ventilation by the

New York Commission on Ventilation concluded that 10 to 15

cfm/person was an adequate fresh air requirement for school-

rooms and that this quantity could be obtained by "window

gravity ventilation" (11).

Equations, similar to equations (1) and (2) based on the

pressure difference created either by the wind pressure or

the temperature difference, can be obtained from the IHVE

Guide, Book B, 1972. Calculated ventilation flows, using

the IHVE procedures for wind effect and stack effect for

inlet and outlet openings of equal area, are given in Table

2 and 3. The table is based on an inlet and outlet area of

1.0 sf.

Table 2. Natural Ventilation Rate by Wind Effect

cfm/sq. meter (cfm/sf)

\ Wind
J

' vel.
Open Country Suburban City Center

Bld. mtr/sec. mph 1 mtr/sEe mph mtr/sal mph

Ht. 9 20.1 1 5.5 12.3 3. 6.7

mtr fi\

10 35.8 9,435 (877) 5,678 (527) 3,035 (282)

20 65.6 10,366 (963) : 6,898 (641) 4,109 (382)

I

-----

Table 3. Natural Ventilation Rate by Stack Effect

cfm/sq. meter (cfm/sf)

\ Bldg.
,, Ht.

t4 t\\ meters ft meters ft meters ft

4.o
C

\ 5. 16.4 10. 32.8 20. 65.6

....--. -_------*.

-10 -18 -1838 (-171) -2569 (-239) -3633 8))
0 0 0 (0) 0 (0) 0 (0

10 18 1838 (171) 2569 (239) 3633 (338)

20 36 2569 (239) 3633 (338) 5108 (475)



g-2/8 As indicated above, calculation of infiltration or ventila-
Observed Environ- tion through open windows requires several assumptions. For
mental Conditions this reason, the "air change" method is often used. Values

of 1.0 to 2.0 air changes per hour (ACPH) have been measured
in residential buildings, classrooms and commercial build-
ings as normal leakage around windows, doors, etc. (12).
Ventilation through open windows can produce air change
rates of 10 to 30 per hour. Table 4 indicates the expected
flow rate in a 750 sf classroom with a 9 ft ceiling.

Table 4. Range of Natural Ventilation Flow Rates

Air changes
per hour

Flow Rate*
cfm

Flow Rate/Student**
cfm/person

1 112.5 3.5
2 225.0 7.0
5 562.5 17.6

10 1125.0 35.2
20 2250.0 70.3
30 3375.0 105.5

* Classroom 750 sf; 9 ft ceiling height
** 32 students

,
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school
lighting

10 SURVEY OF Since the twenties, when serious attention was first given

LIGHTING LITERATURE to lightJevels and related aspects of vision, the trend has

been an ever-increasing illumination level in accordance

with the assumed theory that more light is better. "More

light increases the amount and the rate of information re-

covery," said one representative of the lighting industry

in 1960, "and indoor lighting levels will rise with the

standard of living until they are similar to outdoor levels:'

Comparisons between man's footcandle standards and light

levels found in nature were given as follows:

Light Level
Determination

h-1/1

30 fc (IES recommendations for school
70 fc (IES recommendations for school
350 fc (measured in shade of tree)

3,500 fc (average daylight year-round in

lighting in 1948)
lighting in 1959)

NYC)

Though 3,500 footcandles have not been suggested for class-

room lighting, the increase from 30-70 fc within an eleven

year span is considerable.

The rationale for the latest increase is contained in a

1959 report published by the Illuminating Engineering Soci-

ety based on a study conducted by H.R. Blackwell (Director,

Vision Research Laboratories, Univeriity of Michigan, at

time of research). Experiments conducted with a Visual Task

Evaluator, an optical device designed to measure contrast

values of simulated tasks, resulted in values of il-

lumination in.footcandles. It is assumed that 99 percent

accuracy is required for carrying out visual tasks ranging

from reading a poor quality reproduction to a sample of

good ink writing. According to the IES Lighting Handbook

(5th Edition, based on the Blackwell findings) the greater

part of a student's visual time application is spent on

tasks reauiring 70-100 fc Equivalent Sphere illumination

(writing with pencil, reading, working with duplicated

material). It is then concluded that the general light

level should be designed for the most difficult commonly
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School Lighting

British Illumina-
tion Levels

found tasks. While perfect general illumination uniformity is
usually unfeasible, the IES Handbook contends that uniformity
is acceptable if the maximum and minimum values in the work-
space of the room are not more that 1/6 above or below average.

The outcome of this approach to lighting design is a uni-
formly high light level which will provide for accomplish-
ment of the most demanding task at any location within the
space.

"The effect of new light levels" was the main topic of the
1959 conference of the Building Research Institute in which
Fisher S. Black said in his keynote speech "A new revolution
has come to the lighting industry. It all started with the
release last year of the Blackwell report. The IES then
took the lighting levels recommended by Blackwell and appli-
ed them to hundreds of seeing tasks and came up with new
lighting levels ... too much light? ... we cannot have too
much light."

In an article (Jan/Feb '69) entitled "Why more footcandles
are being recommended for schools,",the editors of Better
Light, Better Sight News suggested that "The technical so-
cieties that make recommendations -- notably the Illuminat-
ing Engineering Society -- have recognized the engineering
obligation of balancing visual goals with economic and
scientific practicality. Recommendations must bear some re-
lation to our capabilities for achieving them. And only
recently could we obtain -- and actually afford to obtain
-- the 50-500 fc which many experts feel covers the ideal
range for working vision under the conditions of modern
civilization."

In contrast is the British attitude towards lighting as ex-
pressed in the official government Bulletin No. 33 on
'Lighting in Schools.' Britain also uses the recommenda-
tions of its Illuminating Engineering Society for maintain-
ing illumination levels in schools and colleges. However,
it is stated in the bulletin,

"these are not the Department's official recommen-
dations and the actual quantity of lighting provided
will have to be decided after consideration of the
likely capital cost of the electrical installation
(and of the charges for current), bearing in mind
the principle that it is desirable that the money
available for a school should be distributed in a
balanced fashion over the various elements in the
building. It may well be necessary to choose a
level of lighting which falls between the IES Code
figures and the Regulation minimum of 10 1m/sf...
To ensure that none of the working areas in the
room fail beneath this, it is necessary to design
for a higher average level of illumination. The
reason why this level was chosen as the minimum
was that research work had shown that at least
r.
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School Lighting

four-fifths of school children achieved a good
standard of vision at 10 lm /sf and could see
well enough to do normal school work such as
ref ding 3/4" high writing on a chalkboard at a

distance of 30 ft. Below this level of illum-
ination visual acuity fell away rapidly. Above

10 lm/sf it was found that visual performance
did not improve proportionately with increases
in the level of illumination."

The bulletin further suggests that instead of light level
increases,

"Visual tasks can be made easier by an increase
in contrast or size of details... Thus for the .

teacher to write on the chalkboard with letters
11/2" high instead of 1" high would be as effec-
tive in improving visibility as would raising
the level of illumination by ten times... For a
child to move 4 ft closer to the chalkboard will
have visual advantages for him which can only be
matched by raising the level of illumination by
30 times. Higher levels of illumination will be
needed for specialized classrooms but regulations
deal only in general terms and leave engineers and
architects to use their own judgement."

U.S. Lighting Similar conclusions for illumination levels in schools were

Experiments reached by several U.S. educators whose experiments were
published in 1965 in the book 'Bases for Effective Beading".
In it the author Miles A. Tinker reviews his own research
and that of others conducted over the past 25 years. Con-

cerning light level requirements for reading, he states:

Visual Acuity "Data on the relation of visual acuity to intensi-
and Light ty of light reveal the following trends: visual
Intensity acuity increases rapidly as light intensity is

increased from a fraction of a fc to 5 fc and then
gradually in acuity up to between 25-40 fc. As

the illumination intensity is further increased
up to 100 fc or even above 1,000 fc, the improve-
ments in acuity are slight. Although the gains
in acuity with intensities above 50 fc may have
theoretical implications, they have no practical
significance for reading. To argue from these
data that high intensities are best for ordinary
reading is not valid. Size of the object to be

Light rILnsity discriminated is a factor in seeing. Relation

and Speed of between light intensity and speed of vision is

Vision logarithmic. Plotted curves are deceptive (minute
gains for the higher intensities look big) and
should not be employed to specify illumination

reading. Visual acuity measurements have
den used widely as a basis for prescribing il-

lumination for reading. Luckiesh, and Luckiesh
& Moss list visual ft as a basic factor in
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School Lighting

Effect of
Adaptation
Upon Visual
Efficiency

seeing and by implication in specific visual
tasks such as reading. They state that, for
black test objects on a white background, visual
acuity improves up to 100 fc. As a matter of
fact, Ifthgoe has demonstrated that under certain
conditions of measurement visual acuity improves
up to and beyond 1,000 fc. But inspection of his
data reveals that gains in acuity, when illumina-
tion intensity is doubled, are very slight for
levels above about 20 fc. It is questionable
whether the almost microscopic gains in visual
acuity obtained under the relatively high fc of
light justify their application to visual tasks
such as reading where suprathreshold visibility
is involved. Visual acuity measurements yield
threshold values of seeing. Evaluation of all
the data on increase of visual acuity with in-
crease of light intensity indicates that they have
little value as a basis for prescribing illumina-
tion for reading."

According to experiments by Lythgoe, visual acuity continued
to improve to 1,275 fL but the increase in acuity by doubl-
ing the brightness was extremely small beyond 38.8 fL.

Unlike Blackwell, Tinker sees the reading.task in terms of
continuous visual patterns, composed of words and sentences,
rather than individual letters. The implication for school
lighting ''.evels is that reading is not one of the activities
that is performed at the threshold of visual capability. It

does not require the precision that would be needed to read
a vernier on a surveyor's transit, for example. As a result,
tests to determine accuracy of perception under threshold
conditions do not establish significant data for less de-
manding visual tasks.

Tinker place, particultir emphasis on the effect of adapta-
tion upon visual efficiency. First; the aperture of the
iris contracts or expands to regulate the amount of light
entering the eye. Secondly, the retina adjusts its sensi-
tivity to changes in levels of brightness of the light fall-
ing upon its surface. "The normal eye," he says, "has a
remarkable ability to adapt for clear vision to a wide range
of, light intensities from relatively dim to very bright.
Pesearch indicates that this function resides in the retina.
...It takes 7 to 8 minutes for the cones to adapt to dim
light, and 60 to 90 seconds to adapt to bright light. The
effect of adaptation upon visual efficiency is illustrated
in an experiment by Tinker. He determined speed of reading
under various intensities of light with 2 minutes of adapta-
tion to each illumination used and also with 15 minutes of
adaptation to the light levels. The illumination intensi-
ties employed were, 0.1, 0.7, 3.1, 10.3, 17.4 and 53.3 fc.
With only 21minOei of adaptation, light intensities below
10.3 fc significintly retarded speed of reading. The rate
of reading was t eisame for 10.3, 17. and 53.3 to. In eon-

.
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trast, with 15 minutes of adaptation, only the light inten-

sities below 3.1 fc significantly retarded speed of reading,

while the reading rate was the same for 3.1 fc and above.

Thus, with ample time for adaptation (15 minutes) the speed

and accuracy of vision in reading was as good at 3.1 fc as

at the brighter levels of illumination. Adequate adaptation

to the dimmer light produced greater visual efficiency than

when no adaptation was provided for."

Various attempts have been made.to arrive at light levels by

reader preference. "In all studies reported," says Tinker,

"the authors neglected the role of visual adaptation. This

led to erroneous specification of intensities for

reading. In an intensive investigation with 144 university

students as subjects, Tinker determined the effect of visual

adaptation upon intensity of diffused light preferred for

reading. At one lab session, subjects adapted 15 minutes to

8 fc, at another to 52 fc. When adapted to 8 fc, subjects

tended to choose 8 fc as most comfortable; when adapted to

52 fc, they chose 52 fc most often... Apparently, by picking

an intensity and adapting the reader to it, one can obtain

preference for that intensity. If the investigator is in-

terested in promoting use of lights of high intensity, the

method of preferences will support it."

According to Tinker, the following light intensities should

be adequate for reading:

For sustained reading of books and
magazines (10-12 pt. type) 15

For sustained reading of small

print (7-8 pt. type) 25

In ordinary schoolrooms 20

For mechanical drawing
For casual (short) periods of
reading good book-size print 10

For smaller print 15

When brightness contrast between
print and paper is 40-55 35

When brightness contrast is very
low 20-30 (seldom found in practi-
cal reading situations) 75

Few reading situations in homes,
schools, offices, libraries require

more than 50 fe
For eyes with less than normal
visual acuity (casual reading) 25

For eyes with less than normal visual
acuity (sustained reading) 40

Sight-saving classes 50

- 25 fc

- 35 fc

- 30 fc

±40 fc

15 fc
- 20 fc

- 50 fc

- 100 fc

- 30 fc

- 50 fc
- 60 fe

The experiments of Kunz and Sleight also reported in 'Bases

for -Effective Reading', suggest that adequate illumination

for discriminating details range between:

12.5 - 38 fc for normal vision
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h-1/6 38 - 50 fc for sub-normal vision

for reading ordinary bookprint:

15 - 25 fc for normal vision

35 - 40 fc for sub-normal vision

School Lighting

Lighting ane
Ocular Healt.:

Day Lighting
of Schools

The need for variety in lighting was pointed out in an arti-
cle by R.C. Aldworth and D.J. Bridgers in Lighting Research
and Technology (Vol. 3, No. 1, 1971) " In many working
areas, monotonous surroundings may well seriously affect
working efficiency... When the retina is stimJated by light,
the signals are transmitted to the visual center in the cor-
tex and simultaneously to the reticular formation, which
begins to work on the whole brain, raising the person's
awareness. At the same time signals received by the other
senses, such as hearing and touch, also excite the reticu-
lar formation, and therefore visual performance can be af-
fected.by stimulation of apparently unconnected sensory
stimuli."

Literature on the subject of lighting in relation to ocular
health is surprisingly limited and often contradictory. Ac-
cording to the tests of Ferree, Rand & Lewis and Luckiesh &
Moss, eye strain with resulting functional disturbance of
other organs is held to be directly traceable at times to
faulty illumination. However, ophtalmologists indicate that
on the whole there is no evidence of any relationship be-

tween general illumination levels and eye health.

Britain's Research Station concludes that no evidence has
been found that myopia is caused by poor lighting, nor that
the onset of juvenile visual defects has in any way been
affected by the higher light levels of today.

In 'System of Ophtalmology', Sir Stewart7"Duke-Elder suggests
that eyestrain can be reduced and visual efficiency increas-
ed most effectively by increasing the apparent size of the
otects comprising the visual task. According to the ex-
periments of Weston, a ten-fold increase in illumination
produced an improvement of 30 percent in the performance of
a simple visual task, whereas increasing the apparent size
ten times produced a 200 percent improvement in performance.

"Windows are openings to the outside world in more ways than
one," says James Marston Fitch in his book, 'American
Building: The Environmental Forces that Shape it'. "When
the desk worker or the studerit looks out of the window in-
stead of down at his work, he is not wasting time; he is
seeking psychic as well as optical relief from a highly
structured and unnaturally monochromatic experience." This
factor has been largely ignored in recent attempts to make
the school environment completely windowless... "Only the
viewing function still continues to keep windows from be-
coming wholly obsolete technologically," concluded C. he0-
sore Larson of the Architectural Research Laboratory, at
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h-1/7 the University of Michigan, in his report on "The Effect of

School Lighting Windowless Classrooms on Elementary School Children". In it

he states that, "The ventilating function has been taken over
by the development of mechanical systems that can condition
the air in any classroom to any desired degree of freshness
and warmth or coolness and to any desired rate of movement.
The emphasis on day-lighting has likewise been shifted over
into new technologies of artifical illumination. . . If out-

side view is unpleasant or potentially disturbing, there seems
little point in having any windows at all." The opposite

point of view is presented in Bulletin. No. 33, the British
government publication: "Large windows, it is sf4d, can lead
to overheating on sunny days in summer; conversely, they
cause excessive heat losses on cold days in winter. Windows

tend to be more expensive than solid walls. It is pointed

out that daylight is not in fact free but has to be paid for
in cost of lengthy perimeters and elaborate sectional devices
which are necessary to secure its entry to the building.
Moreover, window blinds have often to be added, and window
cleaning is an expensive form of maintenance. . . Why not

leave out windows? Some schools in the USA are windowless
with a constant artificial indoor climate -- so why not here?
It is also argued that high levels of illumination are now
necessary and that daylighting could not provide these satis-
factorily . . . Nevertheless, daylight, when properly de-

signed, is still the most satisfactory and economic method
of providing working illumination, and it makes a contribu-
tion to the educational and visual environment of a school,
which cannot be made in any other way . . . desire to keep

in touch with the world outside . . . with constant shift

in weather, seasons."

Daylight cannot be simulated by artificial light. It is

variable in quantity, color, has different spectral compo-
sition from any artificial light and appears to be one of
life's necessities and pleasures. It is not uncommon, for
example, in Sweden, Finland and Russia that daylight depri-
vation will cause psychosomatic upsets.

Bulletin No. 33 provides guidelines on the amount of day-
light required for sufficient illumination within. the school:
"Any method of lighting design using daylight as the main
source of illumination must make sure that there is suffic-
ient lighting in the building on all but the dullest' days,
and must take into account the hours during which the school
is occupied...A sky providing 500 Lm/sf should be taken as
the lowest level that a designer would be expected to cope
with...Artificial lighting will be needed to supplement
daylight at the back of a room. This is likely to be nec-
essary for about 200 hours per annum over the part of a
schoolroom designed to a 2 percent rinimum daylight factor,
for example, a sky which gives illumination of 500 Lm/sf
outside will provide an illumination of 2/100 x 500 m 10
Lm/sf. Where difficult tasks are performed, use higher than
2 percent but avoid sky glare, solar heat gain and loss.
Consider possibility of top lighting."
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School Lighting

Too little attention has been paid in the USA to the inte-
gration of daylight and artificial illumination. As James
Marston Fitch has commented on this topic and on the state
of the art in general: "Historically, illuminating engin-
eering was developed primarily to expedite process, and only
indirectly eye health or well-being; today it bears the
characteristic imprint of thib history. Its development has
been uneven, with enormous qualitative discrepancies between
the highest and lowest examples, with instances of gross
deficiencies, side by side with extravagant waste. This

paradox is very clear in our mechanical separation of prob-
lems of artifical illumination and daylighting when, in most
building types, they could be thoroughly integrated to
benefit both."



20 COMPARATIVE
LISTING OF
LIGHTING
STANDARDS

h -2/1

school
lighting

Light level specifications for schools vary widely as indi-
cated by the following survey of lighting standards recom-
mended by various government agencies, school authorities,

and industry spokesmen. For purposes of comparison British
government and industry standards are also listed.
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3 EFFECTS OF
LIGHT LEVELS ON
READING SCORES

school
lighting

The New York City Board of Education issues reading tests
to all of its students each year. These are the only com-

pletely standardized exams given throughout the system. An
attempt was made to determine whether there was any clear
relationship between lighting levels and these scores. In

order to do this, four schools were selected which were
modernized in 1970. The four schools were built in 1924,

1899, 1909 and 1925. Each of these schools was paired with
the closest similar type (PS, IS) school in the same dis-

trict. These schools were built in 1954, 1952, 1926 and

1930. The last two schools were modernized in 1967 and
1965 respectively. These pairs of schools will be referred
to as A, B, C and D. The schools which underwent changes
during the six-year period will be referred to as altered
schools, the others as unchanged. The typical classrooms
in the altered schools are about 600 sf and were originally
illuminated by five 200 w incandescent fixtufes with opal

glass covers, yielding a light level, of 5-7 fc. As part

of the alterations, the incandescent systems were replaced
with fluorescents which were installed to a design criteria
of 60 fc. The unchanged schools were all provided with
fluorescent systems before the six-year period under study.

The two schools being compared in each case were selected
for being as similar as possible in order to minimize the
effect of varying external factors on the scores. Since

this cannot be totally achieved, the patterns which will be
discussed are not absolute levels but changes in differena,

tials. In each case, the unchanged (control) school is as
similar as possible to the school being altered with the
exception of having constant design light levels during the
six-year period.

Each point which is plotted represents the mean score for
one class in one school. This may range from about 100 to

over 300 individual scores. Therefore, each change in

h 3/1 differential which is described by 4 points is based on a
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h-34(2 minimum of four hundred reading scores.

School
Lighting In general, the pattern of reading score differentials is

highly erratic. There are two aspects, however, which ap-

pear to be related to the alteration program. First, im-

mediately after the alteration, 12 out of 18 of the altered
schools improved with respect to the corresponding unchanged
schools, four remained equal and two declined. This indi-

cates a short term boost in student performance (figure
h_30.In the second year after the alteration, the erratic
pattern of relative performance returns. Two years later,

the trend was reversed and 12 of the 18 classes from un-
changed schools showed improvements relative to those from
the altered schools. Further, over a six-year period, nine
of the eighteen classes in altered schools improved their
positions over corresponding classes in unchanged schools
and nine declined. At the beginning of the study period,
the average of scores from the schools to be altered was
'.29 of a grade level higher than those which would remain
unchanged. At the end of the study period, it was .11
higher, indicating that the increase in light levels during
the study period did not have a lasting effect on the read-
ing performance.

The following generalizations can be made regarding the data
presented in figures h-3/1 to h-3/11:

1. During the six-year period, the average of reading
scores of all schools observed declined.

2. The overall decline of the altered schools was great-
er than that of the unchanged schools although only slightly.

3. The altered schools showed the best relative perform-
ance in the year immediately after their renovation.

On the basisof more than 30,000 individual reading scores,
it is not possible to demonstrate that increased light levels
affect educational performance beyond the so-called "Haw-

thorne Effect."

It is generally acknowledged that reading scores offer only
a limited indication of a child's learning capacity. How-

ever, since the reading/comprehension tests given by the
New York City Board of Education are the only city-wide
standardized tests given, the test results do provide some
measure of comparison.
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h-3/3
School
Lighting

FIGURE h-3/1:
READING SCORES
PAIR A

THIS SAMPLE IS MADE UP
OF A SCHOOL WITH NEW
LIGHTING INSTALLED IN
1970 (FLUORESCENT RE-
PLACING INCANDESCENT)
AND AN ADJACENT SCHOOL
WHICH WAS UNCHANGED IN
THE STUDY PERIOD. THE

TWO SCHOOLS ARE IN THE
SAME DISTRICT,

67-68 68.65

263

PERIOD OF
MODERNIZATION

65.70 70.71

GRADE
(TYP) 6

SORESIMItaiRD
SCHOOL

6

SCORESIrlftriCHOOL
BEFORE CHANGE

6
ONla dIA10104

SCORES IN AMMO SCHOOL
AFTER CHANGE

71.72 72.73

ROS 6 A -74



h-3/4
School

Lighting

FIGURE h-3/2:
READING SCORE
DIFFERENTIALS
PAIR A

+0.2

0.0

-0.2

+0.2
0.0

0.2

+0.2

0.0

-0.2

+0.2

0.0

-0.2
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-1.2

THESE GPAPHS INDICATE THE READING SCORE DIFFERENTIALS BETWEEN THE GRADES IN THE
ALTERED SCHOOL (-014 AND THE UNCHANGED SCHOOL ON TABLE I-a, A POSITIVE
DIFFERENTIAL INDICATES A HIGHER SCORE FOR THE ALTERED SCHOOL.

GRADE 6

GRADE 5

GRADE 4

GRADE 3

67.60 60-69

GRADE 2

69-70 70.71
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1$ -12 72.73

RCS 6 A - 74,



h-3/,
School
Lighting

FIGURE h-3/3
READING SCORES
?AI B

8

7

THIS SAmou I! MADE UP
OF A SCHOOL WITH NEW
LIGHTING INSTALLED IN

1970 (FLUORESCENT RE-
PLACING INCANDESCENT)
AND AN ADJACENT SCHOOL
WHICH WAS UNCHANGED IN
THE STUDY PERIOD. THE

TWO SCHOOLS ARE IN THE
SAME DISTRICT.

2

6;-60 68-69

265

PERIOD OF
MODERNIZATION

GRADE
(TYP) 6

SCORES IN UNCHANGED

SCHOOL

6

SCORES IN ALA FRED SCHOOL

BEFORE CHANGE

6
..0.m<...

SCORES IN ALTERED SCHOOL

ALTER CHANCE

69.70 70.21 11.72 72.73

RdS A - 74



h-3/0
School
Lighting

THESE GRAPHS INDICATE THE READING SCORE DIFFERENTIALS BETWEEN THE GRADES IN THE
ALTERED SCHOOL 4..0+4 AND THE UNCHANGED SCHOOL ON TABLE 2-s, A POSITIVE
DIFFERENTIAL INDICATES A HIGHER SCORE FOR THE ALTERED SCHOOL.
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FIGURE h-3/4:
READING SCORE
DIFFERENTIALS
PAIR E

GRADE 6

GRADE 3

67-68 68.69

GRADE 2

69.70 10.11
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h-3/7
School
Lighting

FIGURE h-3/5:
READING SCORES
PAIR C.-1

NOTE! BECAUSE OF THE RANGE OF THE SCORES IN THIS PAIR OF SCHOOLS,
THE DATA IS PRESENTED ON 2 TABLES (C-1 AND C-2) TABLE 3-8

C-1

THIS S4MPLE IS MADE UP

OF A WOOL WITH NEW
LIGHTto INSIAWD tN
1970 OFLUORESOIMT RE-
PLACING INCANWENT)
AND AN ADJACENT SCHOOL
WHICH WAS UNOHANGED IN
THE STUDY PERIOD. THE

TWO SCHOOLS ARE IN THE

SAME DISTRICT.
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PERIOD OF

MODERNIZATION

GRADE
(TYP) 6

SCORES IN UNCHANGED
SCHOOL

6
IIMM11.014::>

SCORES IN ALTERED SCHOOL

BEFORE CHANGE
6

SCORES IN ALTERED SCHOOL
AFTER CHANGE

67-68 68-69 69-70

267
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Lighting

FIGURE h-3/6:
READING SCORE
DIFFERENTIALS
PAIR C-1
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-0.2

TABLE 3-b
C-I

THESE GRAPHS INDICATE THE READING SCORE DIFFERENTIALS BETWEEN THE GRADES IN THE
ALTERED SCHOOL (4:}4 AND THE UNCHANGED SCHOOL (--4--) ON TABLE 3-a. A POSITIVE
DIFFERENTIAL INDICATES A HIGHER SCORE FOR THE ALTERED SCHOOL.

GRADE 6

GRADE 4

67.68 68.69

GRADE 2

89.70 70.71

268

71.72 72.73

4.

RGS 6 A - 74



THIS SAMPLE IS MADE UP
OF A SCHOOL WITH 1,0
LIGHTING INSTALLED IN
1970 (FLUORESCENT RE-
PLACING INCANDESCENT)
AND AN ADJACENT SCHOOL
WHICH WAS UNCHANGED IN
THE STUDY PERIOD. THE

TWO SCHOOLS ARE IN THE
SAME DISTRICT.

PERIOD OF
MODERNIZATION

GRADE

(TYP) 6

SCORES IN UNCHANGED
SCHOOL

6

SCORES7179717SCHOOL
BEFORE CHANGE

6
awe

SCORES IN ALTERED SCHOOL
AFTER CHANGE

67-68 68-69 69-70 10 -71

269

71.72 72.73

RGS 6 A - 74



+0.2

0.0

-0.2

+0.2

0.0

-0.2

THESE GRAPHS INDICATE THE READING SCORE DIFFERENTIALS BETWEEN THE GRADES IN THE
ALTERED SCHOOL 6004 AND THE UNCHANGED SCHOOL (_I ) ON TABLE 4-a. A POSITIVE
DIFFERENTIAL INDICATES A HIGHER SCORE FOR THE ALTERED SCHOOL.

GRADE 5

67.68 60.69

GRADE 3

65-10 70-71 71-72 72-73

A0S & A - 74



h-3/11,

School
Lighting

FIGURE h-3/9:
READING SCORES
PAIR D

9 N.

THIS SAMPLE IS MADE UP
OF A SCHOOL WITH NEW
LIGHTING INSTALLED IN
1970 (FLUORESCENT RE-
PLACING INCANDESCENT)
AND AN ADJACENT SCHOOL
WHICH WAS UNCHANGED IN
THE STUDY PERIOD. THE

TWO SCHOOLS ARE IN THE
SAME DISTRICT.

PERIOD OF
MODERNIZATIONII(!)

GRADE
(TW) 6

SCORES IN UNCHANGED
SCHOOL

6

SCORES IN ALTERED SCHOOL
BEFORE CHANGE

SCORES IN-ATIiiitl SCHOOL
ASTER CHANGE

67-68 68-69

271

69-70 70.71 71.72 12.13
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FIGURE h-3/10:
READING SCORE
DIFFERENTIALS
PAIR D

QC

+0.2

0.0

-0.2

+0.2

0.0

-0.2

THESE GRAPHS INDICATE THE READING SCORE DIFFERENTIALS BETWEEN THE GRADES IN THE
ALTERED SCHOOL AND THE UNCHANGED SCHOOL ON TABLE 5-a. A POSITIVE
DIFFERENTIAL INDICATES A HIGHER SCORE FOR THE ALTERED SCHOOL.

GRADE 9

+0.2".
0.0

-0.2

.7)

O

z
a

GRADE 8

67.68 68-69

GRADE 7

69.70 70-71

272

71.72 72.73

ROB A - 74
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d
cc

a..

oc

GRADE 6 III e e 0

GRADE 5 0 0
GRADE 4 0 0 0
GRADE 3 0 0 0
GRADE 2 0 e 0

GRADE 6 0 0
GRADE 5 0 0
GRADE 4 0 0

GRADE 3 0 e 0
GRADE 2 III 0 0
GRADE 6 0 0 0
GRADE 5 0 0 0
GRADE 4 (2) 0 e 0
GRADE 3 li, 0 0 0
GRADE 2 411 0 0 0
GRADE 9 0 0 0
GRADE 8 0 0 0

FIGURE 1,-3/11:
READING SCORE
DIFFERENT CAL TRENDS

GRADE 7 III 0 0 III

67-68 68.69

to to

6849 69.70

0

0
Op

0

u.

5

0

69-70 70 71 71.'72

to to to

70-71 71-72 72-73

(FIRST YEAR AFTER ALTERATION)

273
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educational tasks
and environmental
conditions

It is the purpose of this study to determine how the physi-
cal school environment can best serve the pedagogic demands.
Toward this end an investigation of educational activities
was conducted by a team of observers - architects and
members of the New York Board of Education - who recorded
all of the possible learning/teaching activities, and listed
concurrently 1. the type of student grouping (students
working singly, in small groups, in standard class sizes or
larger); 2. the presence of teachers, para-professionals or
other personnel; 3. the types of teaching aids or special
equipment; 4. the space designation (classroom, art room,
shops and specialized teaching spaces, auditorium, cafe-
teria, corridor, library.iannasium, staff offices) and 5.
the actual student station (desk, carrel, station at equip-
ment, etc.). In breaking all of the educational activities
into their component parts; it became possible to be much
more specific in assigning values to the "Desirable
Environmental Conditions". In the area of lighting, for
example, this itemized system has made it possible to
assign light intensities to each specific tusk. In con-
trast to the currently prescribed uniformly high light
levels (60 FC to 70 FC in classrooms, based on the light
requirements of the most exacting task within each space),
the alternative method will make use of a lower overall
light level, supplemented by light sources focused directly
onto specific educational tasks. This method offers
several advaDtages: First, it avoids fixed illumination
levels which tend to be monotonous and fatiguing. Second,
the brightest light levels will be concentrated on the
teaching/learning areas where the attention of the student
will automatically be focused. Third, since 60% of the
electric consumption in a school goes into lighting, one-
third to one-half of this amount of energy can be reduced
by this method.

In step two, values have been assigned to the "Desirable
Environmental Conditions" on the basis of findings derived
from the following special studies:
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112
Educational Taks

Sub-report f:

Sub-report f-4:

Sub-report f-5:

Sub-report g-1:

Sub-report g-2:

Sub-report h-2:

Sub-report h-3:

Fuel and Electricity Use in NYC Schools

System Analysis of Selected Sample

Preliminary Analysis of Emergency Energy-
Saving Measures Initiated by the New York
City Board of Education 1973 - 1974

Observed Light Levels in 20 Classrooms

Analysis of Observed Ventilation Perform-

ance

School Lighting Standards

Light Level Changes and their Effects on

Reading and Comprehension Scores

Note: "Desirable Environmental Conditions" listed in the

following charts are based on:

SQ. FT. AREA PER STUDENT: Standards of New York City Build-

ing Code, 1968

TEMPERATURE (For heating' *.arposes): 68°F for all seden-

tary activities; 65°F for active occupations

VENTILATION LEVEL: Findings of special study (Sub-report

g-2)
L =

H =
I =

AMBIENT LIGHT LEVEL:

ports g-11 h-2, h-3)

Low (5 cfm per occupant)
High (10 - 15 cfm per occupant)

Intermittent (non-continuous
operation)

Findings of special studies (sub-re-

Ambient Light Level 1 =

Ambient Light Level 2 =

Ambient Light Level 3 =

Artificial illumination to provide
suffl,cient light for general safety,

and ambient light for audio-visual
presentations and non-visual tasks

(5-15 FC)
Artificial illumination for general
use, for reading and writing,
supplemented by task lighting where
necessary (15-30 FC)
Artificial illumination for more
precise tasks such as reading fine
print, painting, model making,
sewing, drafting (30-50 FC).

LIMPI: Findings of special studies (sub-reports g-1,

h-1, h-2, h-3).
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